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Ve First Object-Oriented, X-Windows Software for — 
Scientific Data and Signal Analysis. 


First to Finish 

Whether it’s a new product, a contract or R&D, 

we know you need to get there first...and fast. N/Power 
gives you X-Windows ease of use and network 
interoperability. N/Power’s plug-compatible objects 
mean productivity and flexibility. 






























First in Power 

N!Power means Power Windows that go beyond 

X-Windows and graphics software toolkits to integrate 
your underlying applications. Bring existing 

code up to X-Window, object-oriented 
.. standards quickly. 

First in Simplicity 

Go from design to prototype in a 

snap with N/Power’s extensive 

built-in analysis functions, 

sophisticated graphics and its user 

extendable components. 


First for OEMs and VARs 

The move from system development 
to delivery is fast with N/Power’s 
runtime modules. N/Power’s open 
architecture is your best bet for a 

_ seamless integration platform. 
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Get It First 
Don’t let someone else get there before you. 
Call Signal Technology, the industry leader, for your winning advantage. 


1-800-235-5787 





Shi Signal Technology Inc 


120 Cremona Drive ® P.O. Box 1950, Goleta, CA 93116-1950 = 805-968-3000 = Telex 650-280-1641 = Fax 805-968-2620 
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NEW FOR NETWORK ANALYSTS AND SYSTEMS ENGINEERS 














Realistic simulation of your network or embedded computer 
| system--quick results, no programming 








NETWORK II.5 now predicts performance of 
computer-communication systems 


Free trial and, if you act now, free training 


Nee II.5 uses 
simulation to predict your 


network performance. You simply 
describe your network and work- 
load. 

Animated simulation follows im- 
mediately--no programming delays. 


Easy-to-understand results 

You get an animated picture of 
your network. System bottlenecks 
and changing levels of utilization 
are apparent. 

Seeing your network animated in- 
creases everyone’s understanding of 
its operation and builds confidence 
in your results. 

Your reports show response 
times, messages delivered, messages 
lost, device utilization, and queue- 
ing statistics. 


Computers with NETWORK I1.5 


NETWORK IL.5 is available for 
most PC’s, Workstations, and 
Mainframes. 


Your network simulated 

You can analyze embedded or 
distributed computer systems, or 
other computer-communication net- 
works. Industry standard protocols 
such as FDDI and IEEE Standard 
802.X are built-in. Others can be 
modeled. 

You can easily study the effect of 
changing network parameters or 
even network protocols. 

You can simulate some portions 
of the network at a detailed level 
and others at a coarser level. 


Free trial information 

The free trial contains everything 
you need to try NETWORK II.5® 
on your computer. For a limited 
time we also include free training 
--no cost, no obligation. 

Call Paul Gorman at (619) 
457-9681, Fax (619) 457-1184. In 
Europe, call Nigel McNamara, in 
the UK, on (081) 332-0122, Fax 
(081) 332-0112. In Canada, call 
Peter Holt on (613) 782-2474, Fax 
(613) 782-2202. 





| Return to: 


Free trial offer 


See for yourself how NETWORK II.5 
quickly answers network performance 
questions. 


Limited offer--Act now for free training. 


Name 





Organization 
Address 
| City State Zip 
Telephone Fax 
Computer Op. Syst. 











Send details on your University Offer. 





CACI Products Company SPECTRUM. 


3344 North Torrey Pines Court 

La Jolla, California 92037 

Call Paul Gorman at (619) 457-9681 
Fax (619) 457-1184 


In Europe: 

CACI Products Division 

Palm Ct., 4 Heron Square 
Richmond, Surrey TW9 1EW, UK 
Call Nigel McNamara on (081) 332-0122 
Fax (081) 332-0112 

In Canada: 

CACI Products Company 

200-440 Laurier Avenue a 
Ottawa, Ontario KIR 7X 

Call Peter Holt on (613) 782- 2474 
Fax (613) 782-2202 











NETWORK IL.5 is a registered trademark and service 
mark of CACI Products Company. 
©1990 CACI Products Company. 








SCIENCE “SCOPE* 


Airline passengers will soon view movies on personal video screens directly in front of them, make 


phone calls from their seats, and shop via credit card for in-flight merchandise from shopping 
channels. These and other features, including satellite-delivered stock market reports and up-to- 
the-minute news and sports highlights, are part of a new cabin communications and passenger 
entertainment system that will bring new levels of comfort and convenience to air travel. A team 
of Hughes Aircraft Company, Sony Trans Com Inc., and Hughes-subsidiary Avicom International 
is developing the system for the new Airbus A330 and A340 jetliners. 


A self-contained plasma source will help prolong the life of satellites in space. The source, part of 
the Flight Model Discharge System (FMDS), developed and built by Hughes for the U.S. Air Force, 


produces a dilute low-energy plasma cloud near the spacecraft’s surface. This cloud effectively 
“grounds” the vehicle by forming a conductive bridge that electrically couples the vehicle’s outer 
surfaces to each other and to the plasma of space. Without FMDS, electrical charges from ionized 
gases could build up on the spacecraft, causing arcing that could damage delicate electronic 
equipment. 


An improved flow of information between air defense command and control centers and surface-to-air 


missile systems will be one result of a new state-of-the-art communications link being designed by 
Hughes. The link, called the Intelligent Interface Processor, will provide the signal interface between 
AN/TSQ-73 surface-to-air missile control systems and fixed NATO Air Defense Ground Environment 
sites in West Germany, Italy, Belgium, and the Netherlands. With the new system, NATO commanders 
will be able to allocate targets to be engaged by missile batteries and still retain autonomy. 
Commanders will also be able to exchange target and status information currently available only 
through voice communications. 


U.S. Military aircraft crews will now be protected against laser threats. Together with the U.S. Army, 
Hughes Danbury Optical Systems, a Hughes subsidiary, has developed a warning system for U.S. 


helicopter crews subjected to laser threats. The AN/AVR-2 Laser Detecting Set (LDS) detects, 
identifies and characterizes optical signals 360-degrees around the aircraft. Interfacing with a Radar 
Signal Detection Set, the system also functions as an integrated radar and laser warning receiver 
system. The Army and Marine Corps have successfully completed testing and initiated production of 
this laser detecting system, which will soon be standard equipment on their combat helicopters. 


Three-quarters of a billion dollars are on the way. And in 1990, Hughes Aircraft Company’s Ground 
Systems Group is anticipating many more new contracts, in Air Traffic Control (ATC), Air Defense, 


and the commerical sector. These new programs have created excellent career opportunities for 
experienced and motivated individuals in systems engineering, software engineering, and test 
engineering. Appropriate background for work in the defense and intelligence communities is 
preferred in some positions. For immediate consideration, please send your resume to Hughes Aircraft 
Company, Ground Systems Group, Dept. 1343-T, PO Box 4275, Fullerton, CA 91634. Equal 
Opportunity Employer. Proof of U.S. citizenship may be required. 


For more information write to: P.O. Box 45068, Los Angeles, CA 90045-0068 





©1990 Hughes Aircraft Company Subsidiary of GM Hughes Electronics 


NOV 11: After 42 years as Ar- 
gentina’s nationalized tele- 
phone company, the Empresa 
Nacional de Telecommunica- 
ciones (Entel) was returned to 
private ownership, with Euro- 
pean and U.S. investors buying 
60 percent of it. 


NOV 13: The British Govern- 
ment said it would pursue 
wide-ranging deregulation of 
the nation’s telecommunica- 
tions industry. The move is 
likely to influence policy in 
other countries and will include 
allowing largely unrestricted 
access to the local, long-dis- 
tance, and international service 
markets, and erasing legal re- 
straints separating the tele- 
phone and cable TV industries. 


NOV 17: Supported by the 
Department of Energy, scien- 
tists at Sandia National 
Laboratories, Albuquerque, 
N.M., and the University of 
Wisconsin in Madison said 
they have built the world’s first 
superconducting transistor 
able to operate at relatively 
high temperatures. Employing 
a superconducting film of thal- 
lium and copper oxide, the de- 
vice could mean much faster 
computers. 


NOV 20: Japan’s Ministry for 
International Trade and Indus- 
try (MITI) said it would delay 
and dilute proposals for a US 
$1 billion Japanese-led mul- 
tinational collaborative re- 
search program into intelligent 
manufacturing systems, or 
computer-integrated factory 
automation. The agreement 
addressed U.S. and European 
Community fears of a one-way 
flow of technology from the 
West into Japan. The three 
trade partners agreed instead to 
start a one-year feasibility 
study to cover funding, choice 
of research areas, and intellec- 
tual property rights. 


NOV 20: Italtel, the Italian 
state-controlled telecommuni- 
cations maker in Milan, said it 
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would start producing its Linea 
U2 digital switching system in 
Leningrad and Abkhazia, 
Georgia, beginning in 1992. 
Italtel will provide Krasnayya 
Zarya (Red Dawn), the largest 
USSR telecommunications 
maker, with an eventual annu- 
al production of 1.5 million 
lines, about 25 percent of the 
Soviet market. 


NOV 21: The British Govern- 
ment began selling off its elec- 
trical utilities—12 regional 
companies in England and 
Wales—in its largest privatiza- 
tion in 10 years and said it ex- 
pects to make US $10.2 billion 
in the stock offering. At least 
34 percent of the 2.16 billion 
shares, to be sold for 240 pence 
(US $4.73) each, would be re- 
served for the British public. 


NOV 27: The U.S. Department 
of Energy dedicated a US $1.3 
million plant at the Savannah 
River Site, Aiken, S.C., to clean 
up the nation’s most hazardous 
wastes after 40 years of atom- 
ic bomb making. The largest in 
the nation, the plant will be 
tested for two years with non- 
radioactive wastes and will 
begin operating in 1992. The 
material now in decaying steel 
tanks will be encased in logs of 
strong glass and wrapped in 
steel. 


NOV 27: A six-member Feder- 
al study panel, headed by Lew 
Allen Jr., director of the Jet 
Propulsion Laboratory, Pasa- 
dena, Calif., said the serious 
defect in the main mirror of 
the Hubble Space Telescope 
went undetected because of 
flawed management proce- 
dures and communications at 
NASA and Perkin-Elmer 
Corp., Norwalk, Conn., which 
manufactured the mirror in the 
early 1980s. 


NOV 27: Ten personal com- 
puter manufacturers led by 
Tandy Corp., Fort Worth, 
Texas, said that, with the drop 
in cost of equipment needed to 


do multimedia programs, they 
would begin delivering PCs 
specially configured to run 
those programs. Simultaneous- 
ly, Microsoft Corp., Redmond, 
Wash., said it would make 
available software tools to 
allow developers to create pro- 
grams using multimedia. 


NOV 29: Europe’s semiconduc- 
tor research project, the Joint 
European Submicron Silicon 
group (Jessi), admitted IBM 
Europe SA, near Paris, the first 
U.S. company allowed to join 
the group. Jessi also agreed to 
formalize its ties to Sematech 
Inc., the Austin, Texas-based 
semiconductor manufacturing 
consortium. 


NOV 30: The International 
Frequency Registration Board, 
in Geneva, Switzerland, which 
oversees the allocation of orbit- 
ing positions for communica- 
tions satellites, told the tiny 
South Pacific nation of Tonga 
that it must amend its October 
claims to 16 unused satellite 
positions over the Pacific. The 
board said Tonga must, by Jan. 
1, pick no more than six slots, 
announce specific plans for 
them and cancel the rest of its 
claims. 


DEC 1: British and French 
workers connected the smallest 
of three 31-mile (50-kilometer) 
tunnels being built under the 
English Channel to link Britain 
to the European Continent. 
The tunnel serves two larger 
ones, through which trains will 
zip—carrying people, cars, 
trucks, and freight—after the 
project is completed in 1993. 


x 


DEC 2: The space shuttle 
Columbia was launched from 
Cape Canaveral, Fla., complet- 
ing the return to service of all 
three U.S. shuttles and ending 
six months of delays caused by 
fuel leaks and mechanical trou- 
bles. Even then, telescope and 
plumbing problems hampered 
its mission to operate the Astro 
observatory. 


DEC 2: Toyohiro Akiyama be- 
came the first journalist and 
the first Japanese ever sent into 
space, traveling on board a 
Soviet Soyuz TM-1l1 rocket 
launched at the Baikonur Cos- 
modrome in Kazakhstan. The 
US $12 million trip was spon- 
sored by several Japanese com- 
panies, including the Tokyo 
Broadcasting System. That 
financing enabled the Soviets 
to get two of their astronauts 
up to the Mir-2 space station. 


DEC 5: AT&T Co. announced 
a hostile cash tender for NCR 
Corp., Dayton, Ohio, after its 
US $6 billion offer was re 
buffed by the computer maker. 


DEC 5: High-definition tele- 
vision sets, with 36-inch di- 
gonal screens, manufactured by 
Sony Corp., Matsushita Elec- 
tric Industrial Co., and Hitachi 
Ltd., went on sale in Japan for 
as much as US $34 000 each. 
Analysts said that should fall 
to $7500 in five years. 


DEC 10: A 12-member panel 
of academic and industry 
leaders—asked by Vice Presi- 
dent Dan Quayle, head of the 
National Space Council, to 
study the future of the US. 
space program—issued a report 
recommending a dramatic re- 
focusing of NASA’s space ef- 
forts, including ceasing to rely 
on its fleet of space shuttles by 
building an unmanned rocket 
booster, redesigning and sim- 
plifying the proposed space 
station, and making shifts in 
management priorities. 


Preview: 

JAN 15: Today starts a three- 
day conference on the “Chal- 
lenges in Aviation Human Fac- 
tors: The National Plan,” 
cosponsored by NASA, the 
Federal Aviation Administra- 
tion, and the Human Factors 
Society, Santa Monica, Calif. 
The meeting is being held at 
the Sheraton-Premiere Hotel, 
Tysons Corner, Vienna, Va. 


Coordinator: Sally Cahur 
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Cover: Photograph of the star cluster 
R 136, taken by a camera aboard the 
Hubble Space Telescope last July, 
reveals individual young stars not 
visible from earth-based telescopes. 

This image was computer processed to 
remove the blurriness introduced by the 
spherical aberration of the space 
telescope’s main mirror. The star 
cluster R 136 is 170 000 light years 
away, in the center of the 30 Doradus 
gaseous nebula in the Large Magellanic 
Cloud, one of the Milky Way’s two 
companion galaxies. North is to the 

left. See p. 31. Photo: NASA 


IEEE SPECTRUM (ISSN 0018-9235) is published monthly by The 
Institute of Electrical and Electronics Engineers, Inc. All rights reserved. 
© 1990 by The Institute of Electrical and Electronics Engineers, Inc. 
Cable address: ITRIPLEE. Telex 236-411. Telecopier: 212-705-7589. 
ANNUAL SUBSCRIPTIONS. IEEE members: $10.00 included in dues. 
Nonmembers: $29.95. Libraries/institutions: $119. 

SINGLE COPIES, Members: $8 first copy, $16 per additional copy. 
Nonmembers: $16. 

MICROFICHE SUBSCRIPTIONS. Members: $16. Nonmembers and 
libraries: $119. 

POSTMASTER: Please send address changes to IEEE Spectrum, c/o 
Coding Department, IEEE Service Center, Box 1331, Piscataway, N.J. 
08855. Second Class postage paid at New York, N.Y. and additional 
mailing offices. 

Printed at 8649 Hacks Cross Rd., Olive Branch, Miss. 38654. 
IEEE Spectrum is a member of the Audit Bureau of Circulations, the 
Magazine Publishers of America, and the Society of National Association 


Publications. 

The 

Audi ) 
re) Bureau M A 





IEEE SPECTRUM JANUARY 1991 


SN 
ee 


A 3-D brain model fuses MR and 
positron emission tomography images 


‘Frank’ tells Britons how to buy shares 
of their electric utilities 


ce 
Peo Pert Ce tp ech Ces Ey 
ite 
ashy Det ee Ce CME eet 
ort 


ere TM ee eg 


Design tools with graphic interfaces 
give cross-platform support 





76 





61 


ote] 


36 





8 
& 
g 
2 
6 
3 
2 
@ 
2 
z 
5 


WCRS 










STAFF 
Editor and Publisher: 
Donald Christiansen 


Issue Editor: Ronald K. Jurgen 
Executive Editor: Edward A. Torrero 


Managing Editor: Alfred Balk 
Technical Editor: Alfred Rosenblatt 
Administrative Editor: Ronald K. Jurgen 


Senior Technical Editor: Gadi Kaplan 

Senior Editors: Trudy E. Bell, Tekla S. Perry, 
George Watson 

Senior Associate Editor: John A. Adam 


Associate Editors: Katherine T. Chen 
Karen Fitzgerald, Glenn Zorpette 
Headquarters: New York City 
212-705-7555 
Bureaus: Washington, D.C., John A. 


Adam, 202-544-3790; San Francisco, 
Tekla S. Perry, 415-282-3608 


Correspondents: Fred Guterl, Roger 
Milne (London); Bradford Smith (Paris); 
John Blau (Dusseldorf); Robert 
Ingersoll (Bonn); John Mason 
(Barcelona); Stuart M. Dambrot, Roger 
Schreffler (Tokyo); Kim Nak-Hieon 
(Seoul); Chris Brown (Taipei); Tony 
Healy (Sydney, Australia); Christopher 
Trump (Toronto); Axel de Tristan (Rio 
de Janeiro); Kevin L. Self (Houston) 


Chief Copy Editor: Margaret E. Eastman 
Copy Editor: Sally Cahur 
Editorial Researcher: Alan Gardner 


Contributing Editors: Karl Esch, 
Alexander A. McKenzie, Michael J. 
Riezenman, Michael F. Wolff 


Editorial Support Services: 
Rita Holland (Manager) 
Editorial Assistant: Ramona Foster 


Design Consultant: Gus Sauter 


Operations Director: Fran Zappulla 

Business Manager: Robert T. Ross 
Editorial Production: 

Carol L. White (Director) 

Marcia Meyers (Manager) 

Peter Henan thecknteat Guay 

Morris Khan (Technical Graphic Artist) 


Associate Publisher: William R. Saunders 

Administrative Assistant: Eric Sonntag 

Mail List Sales: Geoffrey L. Klapisch 
(Manager) 

Advertising Production: 

Wendy I. Goldstein (Manager) 

Theresa Fitzpatrick 


Marketing Director: Arthur C. Nigro 

Promotion Manager: Robert D. Moran 

Research Manager: Hendrik Prins 

Circulation and Research Administrator: 
Joanne Biley 


Administrative Assistant to the Editor 
and Publisher: Nancy T. Hantman 
ADVISORY BOARD 


Chairman: Jerome J. Suran 


Donald Fleckenstein, Robert W. Lucky, 
Irene C. Peden, G.P. Rodrigue 


EDITORIAL BOARD 


Chairman: Donald Christiansen 


Norman R. Augustine, Robert A. Bell, 
Dan Botez, Kjell Carlsen, J.E. Carnes, 
Pallab K. Chatterjee, Robert S. Cooper, 
Murray Eden, Thomas L. Fagan Jr., Uzia 
Galil, Maris Graube, Toshiaki Ikoma, 
Ronald R. Kline, Ted G. Lewis, Edith W. 
Martin, Harvey C. Nathanson, David A. 
Patterson, W. David Pricer, William B. 
Rouse, Allan C. Schell, Maria A. Stuchly, 
Stephen B. Weinstein 
















































































Layers of ability 


he major league baseball sys- 
tem in the United States has an 
interesting personnel policy 
ee called free agency. After fulfill- 
ing a contract of several years’ duration 
with one team, a baseball player can turn 
free agent. His services then become the 
subject of a well-publicized auction among 
the various competing teams. Subse- 
quently, even the most mediocre free 
agents sign for annual salaries in the mil- 
lions of dollars. 

Watching some of these wealthy ex-free 
agents playing baseball on television fills 
me with a jealous anguish. They may not 
be able to field or hit, but they can drive to 
the stadium in a Rolls Royce, whereas |, 
a reasonably accomplished engineer, have 
trouble keeping my old clunker in repair. 
Where is the justice?, | ask. 

In my fantasies | imagine a 
free agency system for en- 
gineers. When your contract 
expires with Acme Engineer- 
ing, you turn free agent and 
offer your talents to the 
highest bidder. But, alas, 
even in my fantasy the 
million-dollar deals fail to 
materialize. The range of 
offers that any of us received 
would be quite narrow, with 
the awful possibility that our 
measly present salary would 
be at the upper end of the 
scale. This brief and shatter- 
ing vision leaves me with the question of 
why mediocre baseball players are paid so 
much and the most talented engineers 
paid so little, relatively speaking. 

Simple, you say. Supply and demand. 
There is a great demand for entertainment 
and a supply of only a few hundred base- 
ball players at the major league level, 
whereas there are millions of engineers, all 
engineering at a more or less equivalent 
level. In the case of baseball, perhaps 50 
million young boys (and girls) learn the 
game and aspire to stardom. Of that mul- 
titude, only about 0.001 percent make it to 
the major league level where they are able 
to earn their livelihood playing baseball. 
If we draw a curve of salary vs. percentile, 
there is zero salary for the first 99.999 per- 
cent of the relevant population. Of course, 
the last thousandth of a percent does very 
well. The curve is simply an impulse func- 
tion at the right edge of the paper. 

In engineering, by contrast, there is a 
much smaller pool of aspirants. (Too small, 
some would say, but that is another story.) 
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Of those who enter engineering school, 
perhaps half actually become graduate en- 
gineers. The curve of salary vs. percentile 
is quite flat, with the best-paid engineers 
earning perhaps four times the salary of 
beginners. (We exclude those wealthy 
aberrations who have left engineering for 
other occupations.) The good news is that 
there are jobs for everyone. The bad news 
is that there is so small a spread in salary 
that there may be little to which we might 
aspire. We have no major league, no free 
agents, and, quite possibly, no stars. 

| wonder if the range of abilities among 
engineers reflects the small range of sal- 
aries. Is the best engineer only a little bet- 
ter than average, but a major league base- 
ball player—however mediocre—almost 
infinitely better than the average amateur? 

Some light on the latter part of this 
question was shed by arecent experience 
of an engineer friend. This engineer hap- 
pens to be the best tennis player | know, 
having achieved the No. 1 ranking in the 





company’s tennis ladder. One day not long 
ago he found himself with a free afternoon 
at a resort hotel in a foreign country. Since 
he takes his tennis racket with him wher- 
ever he goes, he put up a little notice on 
the hotel’s bulletin board. “Advanced play- 
er looking for tennis match .. .,” he wrote, 
adding his name and room number. 

Shortly thereafter he received a call 
about his notice. “lam _____—_—,” said 
the caller, giving aname familiar to us all 
as that of an aging but highly ranked ten- 
nis professional. He, too, was looking for 
a match that afternoon. “I didn’t really 
mean ‘advanced,’ ” stammered my friend. 
But in spite of his protestations of hapless 
mediocrity, the match was arranged—a 
match surely taken right out of our best 
Walter Mitty fantasies. 

“How did it go?,” | asked in eager antic- 
ipation. | could see myself out there, hack- 
ing away at the pro. | wondered how | would 
do. | mean, how good are they, really? With 
a small wave of his hand my friend 
deprecated the whole affair. What | had al- 
ready heard was the best part. He said that 
he had played the match of his life, putting 
everything he had into every stroke, while 
the aging pro had paid little attention, sip- 








ping cocktails between points, and flirting 
with his courtside girlfriend. “So how did 
it go?” | persisted. “We played one set,” he 
finally answered, “and | didn’t get a single 
point.” 

| tend to classify activities based on the 
number of levels of skill that exist, where 
| think of a layer being distinguished by the 
ability of an average member of that layer 
to completely suppress someone from the 
layer below—consistently 6-0 in tennis, 
say. Perhaps there are six or seven layers 
in tennis, at aguess. How many layers are 
there between me and, say, Michael Jor- 
dan in basketball? Or between me and Kar- 
pov in chess, or lsaac Stern on the violin? 
Many, | am afraid—layers upon layers of 
ability. | remember a few years ago shoot- 
ing a basketball in my driveway and mak- 
ing three or four dozen free throws con- 
secutively. | was proud of myself, and out 
of curiosity checked the 
Guinness Book of Records. 
My pride quickly vanished in 
embarrassment; the record 
was somewhere in the thou- 
sands! You name it, some- 
where in the world there are 
people who are unbelievably 
good at whatever it is. 

Are there so many levels of 
ability in our profession of en- 
gineering? Perhaps—but per- 
haps not. The field itself is 
evolving at an incredible rate, 
and we all find ourselves rid- 
4, _ ing the roller-coaster crest of 
a tidal wave of change. Some 
of us are swept under, and the rest of us 
swirl about in the foam, with our eyes fixed 
on the rocks below. | look ahead for the 
leading swimmers, the stars who are lev- 
els ahead of the pack, and | see an empty 
ocean. | look back for the laggards who 
have missed the waves and are merely 
bobbing about in a becalmed sea, and 
though | see some, that is not where the 
masses are. Most engineers are clustered 
on those crashing waves. | see compe- 
tence, and even brilliance, wherever | goin 
our profession. | see it in individual en- 
gineers in small companies, in the large 
corporations, in government, and in acade- 
mia. | am often amazed to find state-of-the- 
art engineering ability in the most out-of- 
the-way places. 

It makes me proud to be a member of 
such a group. There is always room at the 
top, but the bottom is never far away either. 
Maybe we don’t have stars who are levels 
ahead, and maybe we couldn't turn free 
agent, but | feel privileged to be one of 
such an outstanding company. 

—Robert W. Lucky 


Cathy Wassylenko 
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SIMULAB-: 


Block Diagram Software 
for Nonlinear Simulation 
of Dynamic Systems 


ntroducing SIMULAB, the next genera- 

tion software for modelling, analyzing, 

and simulating nonlinear systems. SIMU- 
LAB delivers a combination of flexibility, 
ease of use, and speed in a single package. 


¢ A complete set of tools for constructing 
and analyzing models of dynamic systems, 
including linear, nonlinear, discrete, contin- 
uous, and hybrid systems. 


* The ability to describe models either in 
Block Diagram form or as sets of differen- 
tial equations. 


A design, analysis, and simulation environ- 
ment that is seamlessly integrated with 
MATLAB™ and the MATLAB Toolboxes. 


An intuitive graphical user interface based 
on the industry-standard X Window/Motif 
and Macintosh windowing systems. 


SIMULAB provides you with the tools for 
constructing and analyzing block diagram 
models interactively using a mouse and pull- 
down menus. You can explore the behavior 
of systems during a simulation and interac- 
tively see how the model’s behavior changes 
as you change its parameters. 


SIMULAB includes a comprehensive set 
of built-in blocks for creating models. In ad- 
dition, SIMULAB lets you extend its func- 
tionality by creating your own tools. Cus- 
tomize built-in SIMULAB blocks or create 
your own as C, Fortran, or MATLAB code. 
SIMULAB delivers the flexibility to meet 
your needs. 


SIMULAB is available for a wide range of 
computers, including UNIX workstations and 
the Apple Macintosh. For more information 
on how SIMULAB can address your applica- 
tions, contact The MathWorks today for a 
free information packet. 


Circle No. 9 





\TRODUCES 


999999 


Ce Simulation 


F-14 model 


pS 





















































SP Ll. 
gon raer 






































(Top) Use the Scope block to see the “real-time” 
response of this F-14 model during the simula- 
tion; (Center) Specify simulation parameters via 
dialog boxes or the MATLAB command line; 
(Bottom) SIMULAB takes full advantage of the 
X/Motif and Macintosh windowing systems. 


The 


MATH 
WORKS 


nc > 


The MathWorks, Inc. 
21 Eliot Street, South Natick, MA 01760 
Tel: (508) 653-1415 
Fax: (508) 653-2997 
Telex: 910-240-5521 
Email: info@mathworks.com 
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IEEE members attend more than 5000 IEEE professional meetings, conferences, and conventions held throughout the world each year. For 
more information on any meeting in this guide, write or call the listed meeting contact. Information is also available from: Conference Services 
Department, IEEE Service Center, 445 Hoes Lane, Box 1331, Piscataway, N.J. 08855; 908-562-3878; submit conferences for listing to: Rita 
Holland, /EEE Spectrum, 345 E. 47th St., New York, N.Y. 10017; 212-705-7569. 

For additional information on hotels, conference centers, and travel services, see the Reader Service Card. 


JANUARY 


Intelligent Tuning and Adaptive Control-ITAC 
(IEEE et al.); Jan. 15-17; Mandarin Hotel Sin- 
gapore; ITAC 91 Secretariat, Conference and 
Exhibition Secretariat Pte. Ltd., 6E Mount 
Sophia, Singapore 0922; (65) 337 3476. 


Annual Reliability and Maintainability Sympo- 
sium and Exhibits Program (R et al.); Jan. 29- 
31; Orlando Marriott, Fla.; |.A. Feigenbaum, 
Vitro Corp., 600 Maryland Ave., S.W., Suite 
300W, Washington, D.C. 20024; 202-646-6327. 


International Conference on Wafer Scale In- 
tegration (COMP et al.); Jan. 29-31; Fairmont 
Hotel, San Francisco; Terry Chappell, Chappell 
Enterprises; 408-662-1936. 


Workshop on Parallel Distributed Simulation 
(COMP); Jan. 21-23, Disneyland Hotel, Ana- 
heim, Calif.; IEEE Computer Society, Confer- 
ence Services, 1730 Massachusetts Ave., N.W., 
Washington, D.C. 20036-1903; 202-371-1013. 


FEBRUARY 


Power Engineering Society Winter Meeting (PE 
et al.); Feb. 3-7; Penta Hotel, New York City; 
J. G. Derse, 704 Timber Brook Dr., Bedminster, 
N.J. 07921; 908-658-4042. 


Semiconductor Temperature and Thermal 
Management Symposium-SEMI-THERM 
(CHMT); Feb. 12-14; Sunburst Hotel, Scotts- 
dale, Ariz.; C/S Communications, Box 23899, 
Tempe, Ariz. 85285-3899; 602-967-7444. 
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Applications and Technology 


Conference 


Berlin, Germany October 28 - 31, 1991 


Applications Areas: 


Communications, Speech Processing, Image Processing 
Control, Automotive, VLSI and Signal Processing Architectures 
Geophysical, Underwater, Radar and Consumer Electronics. 


Technology 


ANALOG DEVICES, AT&T, FUJITSU, INMOS, LSI LOGIC, MOTOROLA 
NEC, OKI, PLESSEY, SGS-THOMSON, ARRAY MICROSYSTEMS, INC. 
TEXAS INSTRUMENTS, ZORAN, and other Technologies 


Send (100 Word) Abstract for Review no later than June 30, 1991 to: 


DSP ASSOCIATES 
18 Peregrine Road. 
Newton, MA 02159 


TEL: (617) 964-3817 


FAX: (617) 969-6689 Circle No. 10 








International Solid State Circuits Conference 
(ISSCC et al.); Feb. 13-15; San Francisco Hil- 
ton, San Francisco; Diane Suiters, Courtesy As- 
sociates, 655 15th St., N.W., Suite 300, 
Washington, D.C. 20005; 202-639-4255. 


Optical Fiber Communication Conference 
(COM, LEO, et al.); Feb. 17-22; The Conven- 
tion Center, San Diego, Calif.; OFC Conference 
Management, Optical Society of America, 2010 
Massachusetts Ave., N.W., Washington, D.C. 
20036; 202-223-0920 or 202-416-1950. 


11th Nonvolatile Semiconductor Memory Work- 
shop (ED); Feb. 19-22; Hyatt Regency Hotel, 
Monterey, Calif; Theodore Dellin, Sandia Na- 
tional Laboratories, Division 2146, Box 5800, Al- 
buquerque, N.M. 87185; 505-844-2044. 


Seventh International Conference on Artificial 
Intelligence Applications-CAIA 91 (COMP et 
al.); Feb. 24-28; Fontainebleau Hilton, Miami 
Beach, Fla.; IEEE Computer Society, 1730 Mas- 
sachusetts Ave., N.W., Washington, D.C. 
20036-1903; 202-371-1013. 3 


Computer Society Conference-COMPCON 
Spring ‘91 (COMP); Feb. 25-March 1; Cathe- 
dral Hill Hotel, San Francisco; COMPCON 
Spring ‘91, IEEE Computer Society, 1730 Mas- 
sachusetts Ave., N.W., Washington, D.C. 
20036-1903; 202-371-1013. 


MARCH 


Fifth International Workshop on High-Level 
Synthesis-HLSW (COMP et al.); March 3-6; 
Bulerhohe, Germany; Raul Campusano, IBM 
Thomas J. Watson Research Center, Box 218, 
Yorktown Heights, N.Y. 10598; 914-945-3871. 


Electronics and Instrumentation Conference and 
Exhibit (ISA/IEEE); March 6-7; Cincinnati Con- 
vention Center, Ohio; O.M. Melnyk, IEEE, Box 
15044, Cincinnati, Ohio 45215; 513-397-1044. 


Applied Power Electronics Conference and 
Exposition-APECT '91 (IA, PEL); March 11-15; 
Hyatt Regency Dallas, Dallas; Ann Beightol, 
Courtesy Associates, 655 15th St., N.W., Suite 
300, Washington, D.C. 20005; 202-347-5900. 


International Conference on Microelectronic Test 
Structures (ED); March 18-20; Kyoto Grand 
Hotel, Kyoto, Japan; Noriaki Nakayama, 
(81+462) 48 3111, ext. 3730. 


European Workshop on Refractory Metals and 
Silicides (ED); March 24-27; Sweden; S. Peters- 
son, (46+8) 752 1401. 
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‘| SPECTRUM DOESN’T GO 
| TO JUST ANYBODY! 





SPECTRUM’s subscribers are members of The Insti- 
tute of Electrical and Electronics Engineers, Inc., the 
world’s largest transnational technical organization. 


They represent the largest single concentration of 
electronics, computer, communications, and high 
technology professionals in the world. 


SPECTRUM—essential, relevant, informative. Reach- 
ing over 520,000 readers, worldwide. 
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cy, seem to lead to feelings of nervousness 
or restlessness that are reflected in certain 
aspects of the laboratory’s management. 
The organization charts of both laborato- 
ries are changed so often as to be out of 
date almost before they are printed and 
distributed, interviewees report. The rea- 
sons given for this state of affairs are 
somewhat difficult to understand. 

The schedules for underground tests of 
weapons are said to be so rigid that the 
pressures on designers lead them to ac- 
cept unsatisfactory construction or 
products in order to meet artificial dead- 
lines. This apparently has led to a high 
burnout rate among the weapons 
designers. 

The real need for secrecy also leads to 
problems. In contrast to academic re- 
search, where peer review and criticism 
help identify and weed out errors and poor 
work, weapons designers constitute a rela- 
tively small number working in aclosed en- 
vironment, largely cut off from the scien- 
tific community. Consequently, there is a 
real risk of poor work going undetected. A 
“need to know” rule compounds the 
problem—and the designers’ frustra- 
tions—by restricting the extent to which 
the work of one group can be made known 
to another group. 

Another problem concerns the large 
number of foreign nationals who visit the 
laboratory, of whom about 15 percent are 
from communist or “sensitive” countries. 
Some of these visitors may be after 
secrets, of course; Rosenthal speculates 
that New Mexico has more spies per cap- 
ita than any other state in the nation. (She 
recalls that one of them, Ed Howard, was 
in the headlines a couple of years ago, 
when he eluded the Federal Bureau of In- 
vestigation and later surfaced in Moscow.) 

Worries about potential spies have led 
to new and more elaborate security proce- 
dures for visiting foreign nationals. These 
apply to all, including those who come to 
visit only a facility where no classified re- 
search is done, or to attend an unclassi- 
fied conference. This has created a prob- 
lem in the section of Los Alamos where | 
regularly work, which is unclassified and 
staffed mostly by visiting university 
researchers such as myself. Some groups 
hoping to visit the laboratory have found 
it so difficult to secure permission, even 
when they have already been scheduled to 
do their work, that they have elected to pur- 
sue their research elsewhere. 

Rosenthal brings up several other prob- 
lems, including controversies over Strate- 
gic Defense Initiative research and nuclear 
waste disposal. She also has sections on 
public protests and protestors, which often 
serve as akind of comic relief. Her descrip- 
tion of the State of New Mexico's attrac- 
tions, perhaps a little one-sided, will not 
endear her to those nurturing its growing 
tourist industry. 

Overall, though, her book is a fascinat- 
ing insight into some of the feelings and 
problems of those who work directly with 
the technology that poses one of the major 
threats to humankind. Though the Cold 

(Continued on p. 14) 
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At the Heart of the Bomb: The Dangerous 
Allure of Weapons Work. Rosenthal, 
Debra, Addison-Wesley, Redding, Mass., 
1990, 244 pp., US $18.95. 

Is there any town 
in the world like Los 
Alamos, N.M.? Is 
there any job like } 
designing nuclear ¢ 
weapons? Has any- 
thing ever posed a 
problem as menac- 
ing as_ nuclear 
weapons? 

These three ques- 
tions are all raisedin |aeis 
this book. The firstis === . 
touched on lightly; the second is consid- 
ered at length; and the third is generally 
dropped whenever it is broached. This is 
appropriate, since such a question is prob- 
ably best addressed by the modern equiva- 
lent of Greek tragedy, rather than in a work 
of nonfiction for the general reader. 

The book is on the whole anecdotal, 
rather than analytical. As such, it comes 
off more as a successful entertainment 
rather than an in-depth study. It is based 
principally on interviews (starting, ironical- 
ly, in 1984) with 85 current and former em- 
ployees of two of the principal U.S. nucle- 
ar weapons design facilities, Los Alamos 
National Laboratory, near Santa Fe, N.M., 
and Sandia National Laboratory, in Albu- 
querque, N.M. 

Partly so that those interviewed might 
be more open and honest in expressing 
their feelings about their work, their iden- 
tities are not given. One of the remaining 
giants of the original group of bomb 
designers, Edward Teller, is not among 
them; one of his conditions for a 
meeting—that he be told the names of all 
those interviewed—could not be met. 

A background to their work and their 
thoughts is nicely sketched. Technical 
aspects of nuclear weapons are described 
in basic terms, and impressions are given 
of the general character of the two labora- 
tories, the town of Los Alamos, and the 
state of New Mexico. 

Rosenthal, who was on the faculty of 
the University of New Mexico in Albuquer- 
que when the book was written, describes 
Los Alamos accurately and perceptively. 
But | cannot vouch for her picture of San- 
dia, which is located on a military base, 
since | have never been there. One hopes 
that its ambiance is not as grim as the im- 
pression of one of the young scientists 
who works there in what is described as 
a squared-off version of a Quonset hut: 
“It’s just crazy to go to work in a place with 
barbed wire, guards, electrified fences, 
machine-gun nests. . .not a blade of grass, 
not a living cell, anywhere in the place.” 

Los Alamos, by contrast, has a fairly 
pleasant and relaxed atmosphere that is 
partly due to its setting at 2250 meters 
above sea level, on mesas cut by deep 
canyons, with the evergreen- and aspen- 
covered Jemez Mountains on one side and 
the snow-capped Sangre de Christo Moun- 
tains on the other. This provides a distrac- 
tion from the architecture of most of its 
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buildings, scattered over a wide area, 
which is described as “mostly 1960s pris- 
on style, with no particular coherence or 
grace.” A thumbnail description of the 
laboratory as a “college campus without 
students” reminded me of my own first im- 
pression of Los Alamos—a suburb with- 
out a city. 

The town’s residents are mostly affluent, 
white, well educated, and proud of their 
low crime rate and numerous churches. 
Everything is clean and well ordered; park- 
ing lots, for example, are all carefully 
marked with the routes one is expected to 
take through them, even though they are 
usually fairly empty. 

The town’s dark side is manifested by 
high rates of alcoholism, brought on by 
boredom, and by teen-age drug use, 
brought on by affluence and boredom. The 
town’s sometimes perceived racist charac- 
ter, which cannot really be separated from 
the lab, is briefly mentioned in a discus- 
sion of the attitudes of the scientists to- 
ward the guards, who are mostly Hispan- 
ics. (Curiously, Rosenthal does not allude 
to the claimed sexist nature of the labora- 
tory, which has been the subject of 
lawsuits over the last 10-20 years.) Even 
though the inhabitants travel frequently, 
the town seems insular and somehow 
spiritually removed from the rest of the 
world. 

One of Los Alamos's peculiarities is that 
while it has contributed more than any 
other place to a fundamental and irrevers- 
ible change in the relations among hu- 
mans and weapons and war, there are few 
visible indications of this—no signs, no 
monuments, and no logos, for example. 
There is a museum run by the laboratory 
that contains exhibits drawn from its 
weapons work, but it is so well hidden that 
only a determined tourist is likely to find 
it. Such covertness is perhaps a manifesta- 
tion of the weapons designers’ ambivalent 
feelings about their work, as expressed in 
interviews. 

The reasons they give for doing 
weapons work range from the simple to the 
grandiose. At one end, they note that the 
pay is good, that someone has to do this 
job as a service to the nation, and that it 
is a great technical challenge (the “thrill 
of the chase” rationale). At the other end, 
they say that it is a deep expression of 
patriotism, a moral necessity as a deter- 
rent to war, and an opportunity to be near 
something truly awesome and powerful 
(the “closest you get to playing God” ra- 
tionale). Always hovering, however, is the 
question voiced by one of them: “What /f 
one of these things actually should be 
used?” 

An older scientist, who seems to con- 
template these issues in greater depth 
than most, criticizes the younger ones for 
not concerning themselves enough with 
the moral and political significance of 
their work. However, one cannot help think- 
ing, judging from the interviews, that they 
do not really want to do this, because the 
questions raised would be too disturbing. 

The tensions that such thoughts gener- 
ate, together with the necessity for secre- 


cy, seem to lead to feelings of nervousness 
or restlessness that are reflected in certain 
aspects of the laboratory’s management. 
The organization charts of both laborato- 
ries are changed so often as to be out of 
date almost before they are printed and 
distributed, interviewees report. The rea- 
sons given for this state of affairs are 
somewhat difficult to understand. 

The schedules for underground tests of 
weapons are said to be so rigid that the 
pressures on designers lead them to ac- 
cept unsatisfactory construction or 
products in order to meet artificial dead- 
lines. This apparently has led to a high 
burnout rate among the weapons 
designers. 

The real need for secrecy also leads to 
problems. In contrast to academic re- 
search, where peer review and criticism 
help identify and weed out errors and poor 
work, weapons designers constitute a rela- 
tively small number working in aclosed en- 
vironment, largely cut off from the scien- 
tific community. Consequently, there is a 
real risk of poor work going undetected. A 
“need to know” rule compounds the 
problem—and the designers’ frustra- 
tions—by restricting the extent to which 
the work of one group can be made known 
to another group. 

Another problem concerns the large 
number of foreign nationals who visit the 
laboratory, of whom about 15 percent are 
from communist or “sensitive” countries. 
Some of these visitors may be after 
secrets, of course; Rosenthal speculates 
that New Mexico has more spies per cap- 
ita than any other state in the nation. (She 
recalls that one of them, Ed Howard, was 
in the headlines a couple of years ago, 
when he eluded the Federal Bureau of In- 
vestigation and later surfaced in Moscow.) 

Worries about potential spies have led 
to new and more elaborate security proce- 
dures for visiting foreign nationals. These 
apply to all, including those who come to 
visit only a facility where no classified re- 
search is done, or to attend an unclassi- 
fied conference. This has created a prob- 
lem in the section of Los Alamos where | 
regularly work, which is unclassified and 
staffed mostly by visiting university 
researchers such as myself. Some groups 
hoping to visit the laboratory have found 
it so difficult to secure permission, even 
when they have already been scheduled to 
do their work, that they have elected to pur- 
sue their research elsewhere. 

Rosenthal brings up several other prob- 
lems, including controversies over Strate- 
gic Defense Initiative research and nuclear 
waste disposal. She also has sections on 
public protests and protestors, which often 
serve as akind of comic relief. Her descrip- 
tion of the State of New Mexico's attrac- 
tions, perhaps a little one-sided, will not 
endear her to those nurturing its growing 
tourist industry. 

Overall, though, her book is a fascinat- 
ing insight into some of the feelings and 
problems of those who work directly with 
the technology that poses one of the major 
threats to humankind. Though the Cold 
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ne of the fastest growing prod- 

ucts in telecommunications 

is the portable cellular phone. 
Already a powerful business tool, it 
will soon be at the heart of personal 
communications. NEC has developed 
a new generation of portable phones 
for AMPS and ETACS systems, using 
leading-edge circuit and chip tech- 
nologies. 

The P3 Series cellular phone fea- 
tures outstanding portability. It mea- 
sures 58mm wide, 25.5mm deep 
and 184mm high (2.3” x 1” x 7.2”). 

It weighs only 400g (140z) and has a 
270cc (16.5 cubic-inch) displacement, 
including a built-in battery. 

The antenna flips down to facilitate 
storage and Carrying. 

The P3 Series also gives users 
an exceptionally long period of con- 
tinuous talk — 80 minutes: and its 
rechargeable NiCd battery offers an 
18-hour standby period. 

Compact design results from re- 
markably reduced component count 
through custom LSIs and thorough sur- 
face mounting. The P3 slashes power 
consumption with a highly efficient 
GaAs FET PA module, a low-power 
prescaler and a 3-CPU scheme for the 
logic block. 

P3 phones have many convenient 
features including a 30-character 
LCD screen, a 99-number speed-dial 
memory and a built-in clock/timer. 
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XPIC DOUBLES 
MICROWAVE RADIO. 





HONG KONG 





AUTOMATES 





CAPACITY. 


MAIL PROCESSING. 





adio frequencies are a limited 
R resource. That’s why designers 

of digital microwave systems 
constantly strive to provide more bits 
per RF channel. 

One efficient solution is cross- 
polarization, co-channel operation. It 
more than doubles capacity by trans- 
mitting vertically and horizontally 
polarized signals for the same fre- 
quency. Economical dual-polarization 
radios are made possible by XPIC, 
our cross-polarization interference 
canceller. Incorporating a precision 
transversal equalizer and controller, 
the XPIC module minimizes interfer- 
ence by generating reverse-phased 
cancellation signals. 

XPIC is also the right choice for 
overlaying a new system on an 
existing one. For example, a 64QAM 
140Mbps system or SDH radio with 
STM-1 capacity can be added to the 
same RF channel of an existing 16QAM 
140Mbps system. NEC has already 
installed many digital microwave sys- 
tems incorporating XPIC modules. 





XPIC unit 


- he Hong Kong Post Office has 
introduced an advanced mail 
processing system that works 
without postal or zip codes. 

Hong Kong's Mechanized Letter 
Sorting System (MLSS) incorporates 
OCR/coding systems, computer-aided 
video coding machines and multi- 
selection letter sorting machines. 
Installed in two major mail centers 
and seven district we 
mail delivery 
offices across 
the territory, f 
the MLSS speeds ## 
the processing of Ti 7 
millions of letters "My - 
every day. 

The multi-line 
OCR/coding 
machine is an 
outstanding 







feature of MLSS. It reads the alpha- 
numeric information of typed or 
machine-printed addresses, then 
prints a bar code on the envelope 
for further sorting right down to the 
postman’s delivering beat. 

The machine has a scanning 
height of 120mm and a throughput 
of 32,000 letters per hour. 

All the mechanized letter-sorting 
equipment are linked on-line to a 
computer system which acquires, 
collates and edits data for use by 
operational and engineering 
managers. 

Hong ben MLSS project is one 
good example of 
NEC's ability to 
offer a total solu- 
tion geared to the 
needs of individ- 
ual customers. 
NEC has 29 years 
of experience in 
mail automation, 
and our products 
are now serving 
in 34 nations. 





WORLD'S FASTEST 1-MEGABIT VIDEO RAM. 





igh-end graphics systems 

H require greater speed and 
higher resolution. 

Our new high-density video RAMs 

meet these needs with faster access 

and enhanced functionality. 

NEC is introducing a 1-megabit, 
dual-port graphics buffer in a 128K x 
8 configuration. The wPD42275 fea- 
tures an 80ns RAS access time and 
numerous convenient functions. 


Flash Write instantly clears the full 
screen and Block Write permits high- 
speed window fill. The Split Data Reg- 
ister simplifies real-time data transfers 
with relaxed timing. The Persistent 
Write Per Bit feature provides compati- 
bility with popular graphics processors. 

NEC is the originator of the 256K 
video RAM. We now offer an excep- 
tionally broad choice of video RAMs 
at the 256K and 1-megabit densities. 


NEC 





(Continued from p. 11) 
War has apparently faded into history, the 
nuclear threat is no less real. As the crisis 
in the Persian Gulf amply illustrates, the 
Third World is only beginning to react to 
the changing world order. 

—George R. Burleson 
George R. Burleson is a professor of physics at 
New Mexico State University in Las Cruces. 
Throughout nearly three decades of research in 
nuclear and particle physics at Los Alamos and 
other Department of Energy laboratories, he 
has never had occasion to use classified infor- 
mation. 


Spectacular Computer Crimes. Bloom- 
Becker, Buck, Business One Irwin (former- 
ly Dow Jones-Irwin), Homewood, Ill., 1990, 


ea OU Nt 
OOH He Othe 
CRIMES 


242 pp., $22.95. 

If this book had 
been better written, 
and, as a conse- 
quence, more credi- 
ble, it might be mild- 
ly dangerous. With }—— 
its jacket blurbs 0 
attributed to modest- 
ly prominent people a 
in data processing, L 
some of its readers Damen ae 
might conclude— 
erroneously—that the book describes 
crimes that are archetypical of important 
computer security problems. They are not. 

In the author’s defense, it should be 





noted that it is difficult to gather informa- 
tion about economic crimes—particularly 
if it is known that plans exist to publish 
what is learned. Only about 10 percent of 
such cases ever make it to the judicial pro- 
cess, where they may be publicized—to 
the embarrassment of the offended or- 
ganization. Stockholders, depositors, cus- 
tomers, and voters might see in such 
reports the results of gross mismanage- 
ment, and quite often, they would be right. 
Rare is the organization that will voluntar- 
ily display its managerial shortcomings by 
publicizing their consequences. 

The crimes that become spectacular by 
virtue of their public disclosure are not 
typical computer-related crimes. In almost 
all such cases, some characteristic push- 
es them into the 10 percent that go pub- 
lic. Thus an analysis of this unusual group 
will not provide meaningful guidance in de- 
tecting and preventing the more typical 
crimes—the undisclosed ones that make 
up the other 90 percent. 

The assertion that “one of the biggest 
problems facing computer security is the 
lack of agreement in the field as to the defi- 
nition of computer crime” is nonsense. A 
far more important challenge is showing 
that prosecution is an effective deterrent 
to such misconduct. Only if that is possi- 
ble does prosecution become a major 
security measure, one deserving of great- 
er emphasis. Also of far greater impor- 
tance is the implementation of cost- 
effective security measures to obviate the 
unnecessary and far too pervasive temp- 
tations that result in computer crime. 





HIGH VOLTAGE CAPACITORS 


Maxwell Laboratories is the world leader in 
the design and manufacture of high energy, 
high voltage capacitors. 


AVAILABLE FROM INVENTORY —A wide selection of 
capacitors with ratings from 2-100kV are available for high 
voltage pulsed applications. Maxwell’s Capacitor Selection 
Guide provides in-depth descriptions to aid capacitor selections. 


FOR REP RATE APPLICATIONS —Maxwell’s Industry 
Standard, plastic case capacitors offer compact designs for high 
voltage (20-100kV), low inductance applications. The Plastic 
Case Selection Guide showcases capacitors with rep rates to 


1000Hz. 


Contact the Sales Department today for information on all 
Maxwell’s Industry Standard Capacitors. 


MAXW ELL PHONE (619) 576-7545 


FAX (619) 279-1554 


BALBOA Division 


Maxwell Laboratories, Inc. @ 8888 Balboa Ave., ® San Diego, CA 92123 
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M Features over 7000 opti- 
cal and scientific prod- 
ucts used by industry, 
science and research. 
Complete with technical 
data and prices. 








The book’s many simple mistakes, such 
as a commission accounting job that is 
said to run on amainframe computer from 
1:00 a.m. until 3:30 p.m., are irritating. So 
is the assertion that the operator of a main- 
frame on acompany’s third shift knows all 
the people using the computer on all other 
shifts. There may be cases where this is 
true, but it is by no means a given in most 

companies. 

Readers who have not followed the 
newspaper reports of the various computer 
misdeeds may find these accounts in- 
teresting. But BloomBecker owes himself 
and his readers a better job than is exhibit- 
ed by this poorly written, poorly edited 
book. He is quite capable of it. 

—Robert H. Courtney Jr. 
Robert H. Courtney Jr. is president of Robert 
Courtney Inc., a Port Ewen, N.Y., consulting firm 
he started in 1981 to work with the private sec- 
tor. Courtney worked for several years in prod- 
uct development at IBM Corp. before leading 
the company’s computer security activities for 
14 years. 


Coordinator: Glenn Zorpette 


Electronic Instruments and Measure- 
ments. Jones, Larry D., and Chin, A. Fos- 
ter, Prentice-Hall, Englewood Cliffs, N.J., 
1990, 580 pp., US $47. 


Semiconducting Thin Films of AiiBvi Com- 


dma Ra 
Ti 


REFLECTIVE OPTICS 
STOCK AND CUSTOM 4 
@ Spherical 
@ Parabolic 
@ Elliptical 
@ Front/Second 
Surface, Mirrors 
@ Aluminized 
Optical Flats 
@ Gold Coated Mirrors 
@ Beam Splitters 


PRECISION OPTICS 

OFF THE SHELF 

@ Heat Absorbing 
Lenses 

@ Simple Lenses 

@ Prisms 

@ Achromats 

@ Fiber Optics 

@ Fresnel Lenses 

@ Magnifiers 

OPTICAL 

INSTRUMENTS 

@ Microscopes 

@ Telescopes 

@ Comparators 

@ Lasers 


Call or write for your FREE 188 page optical catalog. 
Serving Industry Since 1942 


Tel. 1-609-573-6250 Fax 1-609-573-6295 


Edmund Scientific Co. 


Dept. 11B1. N920 Edscorp Bldg. Barrington. NJ 08007 
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pounds. /gnatowicz, Stanislaw, and 
Kobendza, Andrezej, Prentice-Hall, Engle- 
wood Cliffs, N.J., 1990, 420 pp., $131.95. 


Running Windows for Version 3.0. Stinson, 
Craig, and Andrews, Nancy, Microsoft 
Press, Redmond, Wash., 1990, 544 pp., 
$24.95. 


Information Transmission, Modulation, 
and Noise-4th Edition. Schwartz, Mischa, 
McGraw-Hill, New York, 1990, 742 pp., 
$55.95. 


Graphics Programming with Microsoft C 
and Microsoft QuickC. Jamsa, Kris, 
Microsoft Press, Redmond, Wash., 1990, 
624 pp., $24.95. 


Managing Advanced Information Systems. 
Sager, Michael, Prentice- Hall, Englewood 
Cliffs, N.J., 1990, 243 pp., $35. 


Modern Digital Design. Sandige, Richard 
S., McGraw-Hill, New York, 1990, 743 pp., 
$54.95. 


Trends in Theoretical Physics (Volume 1). 
Eds. Ellis, Paul J., and Tang, Y.C., Addison- 
Wesley, Menlo Park, Calif., 1990, 432 pp., 
$49.50. 


Commercial Observation Satellites and In- 
ternational Security. Eds. Krepon, Michael, 
et al., St. Martin’s Press, New York, 1990, 
230 pp., $45. 


VLSI Design Techniques for Analog and 


Digital Circuits. Geiger, Randall L., Allen, 
Phillip E., and Strader, Noel R., McGraw- 
Hill, New York, 1990, 969 pp., $54.95. 


Computational Physics (Fortran Version). 
Koonin, Steven E., and Meredith, Dawn C., 
Addison-Wesley, Menlo Park, Calif., 1990, 
656 pp., $46.25. 


Lighting Design Handbook. Watson, Lee, 
McGraw-Hill, New York, 1990, 458 pp., 
$69.50. 


Languages and Compilers for Parallel 
Computing. Eds. Gelernter, David, et al., 
MIT Press, Cambridge, Mass., 1990, 553 
pp., $40. 


Inside X.25: A Manager’s Guide. Sch/ar, 
Sherman K., McGraw-Hill, New York, 1990, 
300 pp., $39.95. 


The World & | (A Chronicle of Our Chang- 
ing Era). Ed. Kaplan, Morton A., The 
Washington Times Corp., Washington, 
D.C., 1990, 703 pp., $10. 


Logic Programming. Eds. Warren, David H. 
D., and Szeredi, Peter, MIT Press, Cam- 
bridge, Mass., 1990, 788 pp., $55. 


Manprint: An Approach to Systems In- 
tegration. Ed. Booher, Harold R., Van Nos- 
trand Reinhold, New York, 1990, 612 pp., 
$42.95. 


Al and Expert Systems (A Comprehensive 
Guide-C Language)-2nd Edition. Levine, 


Robert I., Drang, Diane E., and Edelson, 
Barry, McGraw-Hill, New York, 289 pp., 
$24.95. 


Design & Application of Security/ Fire- 
Alarm Systems (Revised Edition). Traister, 
John E., McGraw-Hill, New York, 1990, 196 
pp., $28.50. 


The Essential Guide to VMS Utilities and 
Commands (VMS Version 5). Sharick, 
Paula, Van Nostrand Reinhold, New York, 
1990, 291 pp., $24.95. 


Microsoft C Run-Time Library Reference. 
Microsoft Press, Redmond, Wash., 1990, 
844 pp., $22.95. 


i486 Microprocessor (Programmer’s Refer- 
ence Manual). Intel Corp., Osborne/ 
McGraw-Hill, New York, 1989, $24.95. 


Money Manager. Ne/son, Stephen L., 
Microsoft Press, Redmond, Wash., 1989, 
265 pp., $34.95. 


386 SX Microprocessor (Programmer’s 
Reference Manual). Intel Corp., Osborne/ 
McGraw-Hill, New York, 1990, $24.95. 


Running Microsoft Works (Covers Version 
2). Ed. Rubin, Charles, et al., Microsoft 
Press, Redmond, Wash., 387 pp., 1990, 
$19.95. 


Rapid Reliability Assessment of VLSICs. 
Dorey, A.P, et al., Plenum Press, New York, 
1990, 202 pp., $59.50. 





“THIS STUNNING PACKAGE EXCELS AT 


SCIENTIFIC AND TECHNICAL GRAPHICS.” 
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SigmaPlot™ 4.0, 


The world's finest PC software for the produc- 
tion of publication-quality scientific charts and 
graphs...on your own IBM? or compatible 
personal computer. 


Used by over 20,000 scientists 
SigmaPlot is the software of choice worldwide 
for creating graphics for scientific papers and 
poster sessions. It was selected “Editor's Choice’ 
by PC Magazine for its outstanding output. And 
INFOWORLD recently called Version 4.0 “the 
best graphics package for the complex technical 
graphs wanted by most scientists and engineers.” 
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Designed by scientists for scientists. 

¢ Easy-to-use pull-down menu interface 

¢ Direct data input from Lotus 123° and ASCII files 

¢ Automatic error-bars, confidence intervals and 
quality-control lines 

¢ Wide range of specialized scales and graphs 

¢ Outstanding page layout control 

¢ Sophisticated non-linear curve fitting 

¢ Full mathematical transform language 

¢ Huge data worksheet 

¢ Export graphs into WordPerfect® 5.0, 
Microsoft Word®, Pagemaker®, Ventura 
Publisher® and others 

¢ Extremely high-quality output 
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Affordable and fully supported. 
SigmaPlot 4.0 is well within reach of any 
research facility. And, like all Jandel products, 
SigmaPlot 4.0 comes with a money-back 
guarantee and the full technical support of 
Jandel's experts. Call today for a FREE brochure: 
1-800-874-1888 (inside CA 415-924-8640). 


65 Koch Road 


andel Corte Madera, CA 94925 
FAX: 415-924-2850 © TELEX: 4931977 


Rae Gate ibaa ae el da 


“Microcomputer Tools for the Scientist” 


In Europe: Schimmelbuschstr. 25, D-4006 Erkrath 2, W.-Germany 


Ph: 0 2104 /3 60 98 ¢ FAX: 0 2104/3 31 10 
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Overlapping platforms 
and the IEEE voter 


After voting for the IEEE President, | real- 
ized how little information | had on which 
to base my vote. | would like to propose a 
change in the way candidate statements 
are prepared and presented. | think it 
would lead to more intelligent voting and 
increase the percentage of members 
voting. 

All candidates for an office should, in 
common, prepare a statement that as ac- 
curately as possible reflects the issues 
they feel they are likely to face during their 
term of office, if elected. For each issue, 
two or three alternative courses of action 
should be listed, along with reasons for 
and against them—all generally agreed to 
by the candidates. Then, referring to this 
mutually agreed-upon information, each 
candidate should state what distinguish- 
es his or her position from that of the 
others, explaining why that position is 
preferable. 

Extending that idea, | would like to see 
candidates, particularly those for Presi- 
dent, again in common, list the dozen or 
so most important decisions made by the 
Board in the past year, along with alterna- 
tive courses of action that were or should 
have been considered. Then each candi- 
date should state whether he or she feels 
the best alternative was followed. 

The IEEE and its members benefit great- 
ly from the volunteer work done by its 
officers, who do not seek their positions 
for material gain. Any prestige they may 
get is some compensation for the amount 
of effort they devote to their work. Thus, | 
can foresee the reluctance on the part of 
some candidates to engage in my suggest- 
ed process for fear that it might be viewed 
as ungrateful criticism of previous or 
potential officers. There would be a basis 
for such a fear, but it appears so small to 
me in comparison to truly presenting to the 
membership the alternatives before them 
and the support for each, that | feel it 
should not carry great weight. 

Gerald D. Chandler 
Red Bank, N.J. 
LLL LTS 


From hobby to job 


The absence of “tinkerers” among today’s 
U.S. engineering students mentioned in 
Leon Zelby’s letter [September, p. 11] is 
equally familiar in the United Kingdom. 
As one who has tinkered with both au- 
tomobiles and electronics throughout my 
teenage and adult life, | found it to be of 
great practical value when, as a result of 
job redundancy, | had to start my own busi- 
ness in my late 50s. | am really enjoying de- 
veloping a line of marine search and res- 
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cue radar transponders after a career 
spent mainly in board-level engineering 
management. 

Richard M. Trim 
Leatherhead, Surrey, England 





HDTV: a dissenting opinion 


| do not believe it is desirable to have the 
transmitted signals of high-definition tele- 
vision (HDTV) compatible with current tele- 
vision technology. If HDTV is to be a sig- 
nificant improvement in TV technology, we 
need to change the way the signals are en- 
coded. The current TV signal has already 
been modified to incorporate color, and 
this has resulted in poor color quality. 

Having the color signal compatible with 
the current black-and-white TV sets prob- 
ably made sense when color was in- 
troduced. | doubt that the costs to convert 
to color would have been worth the im- 
provements if an incompatible signal had 
been used for color TV. It would have limit- 
ed the acceptance of color, and delayed by 
many years the introduction of color TV 
sets into the average household. 

The situation today is very different. 
When color TV was introduced, television 
had been around for only a few years. Al- 
most 50 years have passed since the origi- 
nal TV standards were developed, and itis 
time to start fresh. Today the technology 
exists to develop economic converters 
from an HDTV into a National Television 
System Committee (NTSC) signal. If HDTV 
is limited to compatibility with current TVs 
and bandwidths, the resulting improve- 
ment in quality will be minimal. 

| do not think it will be politically possi- 
ble to extend the current bandwidth of TV 
signals using the currently allocated spec- 
trum. If two bands are required for each 
channel, some TV stations are going to 
lose out. Encoding techniques can be 
used to reduce the bandwidth, but even 
with these techniques, which would make 
the signal incompatible with current tele- 
visions anyway, it is going to be very diffi- 
cult to compact an 1100-line signal into 
one NTSC band. 

The Federal Communications Commis- 
sion needs to allocate new spectrum 
space to HDTV transmissions, which will 
probably mean direct satellite transmis- 
sion. Since direct broadcast will use differ- 
ent frequencies, current TV sets will not be 
able to receive the signal. 

The right approach is to develop convert- 
ers of an HDTV signal to a signal compat- 
ible with that in current televisions. This 
should not be difficult. Already televisions 
that convert the interlaced signal into a 
noninterlaced signal to improve quality are 
on the market, and much talk has focused 
on using signal processing to eliminate 
ghosts. 


8886 


Readers are invited to comment in this department on material previously published in 
IEEE Spectrum; on the policies and operations of the IEEE; and on technical, economic, 
or social matters of interest to the electrical and electronics engineering profession. Short, 
concise letters are preferred. The Editor reserves the right to limit debate on controver- 


sial issues. 
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Providing an HDTV-to-NTSC converter is 
not much harder. The only significant 
difference between converting NTSC inter- 
laced to noninterlaced and an HDTV and 
NTSC converter is the speed required of 
the electronics and a minimal amount of 
additional processing. Memory require- 
ments would not be significantly in- 
creased because the conversion would be 
to the smaller display size. If the signal is 
directly broadcast from a satellite, people 
who have poor reception and no cable ac- 
cess would have a very good reason to pur- 
chase converters. It would also provide 
competition for cable TV. 

Instead of judging the proposals on 
compatibility with current NTSC tele- 
visions, we need to judge them on image/ 
sound quality, the cost of a receiver and 
the NTSC converter, and the commitments 
in introducing programming and con- 
sumer hardware. | would urge serious con- 
sideration of using the Japanese stan- 
dards so that the U.S. consumer is not 
unnecessarily burdened with the cost of 
developing the technology. 

The U.S. government should provide the 
resources necessary (spectrum space, sat- 
ellite technology, organizational support, 
and the like). Initially each station should 
cover a large portion of the continental 
United States and be allowed to use 
programming also available on the regu- 
lar channels. 

It is also a good idea to work on improv- 
ing the NTSC standard since this standard 
will be around for a long time to come. A 
high-quality HDTV standard will probably 
do a lot to encourage improvement in the 
NTSC standard. 

Clifford Nelson 
Washington, D.C. 
LLL TS 


Our 0.2366 liter runneth over 


| believe the magazine should go all out for 
metrication—lock, stock, and 159 liters. If 
any readers object, “Not in my back 0.914 
meter!,” urge that they go the extra 1.609 
km; otherwise the impact of worldwide 
metrication will hit them like 907.2 kg of 
bricks. 

Metrication will help give U.S. industry 
the 745.7 W it needs to compete in the 
world of the future. Anything short of this 
is penny-wise and 0.454 kg-foolish. 

The English system? | wouldn’t touch it 
with a 3.05-m pole! 

Thomas W. Parsons 
Brooklyn, N.Y. 
LOLOL ROLE 


Corrections 


On p.18 of the September issue, the 
equivalent of an inch should have been 
2.54 centimeters. 

On p. 93 of the November issue, Fred 
Taylor should have been described as 
president of The Athena Group Inc. 

On p. 69 and p. 73 of the December issue, 
the illustrations should have been credit- 
ed to Barry Ross. —Ed. 
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Syed Pho 
~The Supertard” Family af 1060 Vector Processors 


The second generation of i860-based SuperCards is here... 
vector processors with GigaFLOPS system capability, 
concurrent I/O via secondary buses, large math libraries, 
FORTRAN and C development software... and, best of 

all, the best price on the market. The SuperCard family 

is compatible with VMEbus, ATbus, EISAbus and 
TURBOchannel platforms for hosts like Sun, HP, Motorola, 
Compaq, and DEC... here's what you get: 


= 1024 complex FFT in 0.8 msec. 
= 80 MFLOPS to 1.5 GFLOPS 

= 160 MB/sec I/O 

= Large memories 

= pSOS+ Multiprocessing 

= CASE Tools 


To find out how SuperCard can work for you, call: 
C i p| 1-800-325-3110 or 617-272-6020, (Fax 508-663-0150) 
or write CSPI, 40 Linnell Circle, Billerica, MA 01821. 





SuperCard is a trademark of CSP Inc., i860 is a trademark of Intel Corp. 
TURBOchannel is a trademark of Digital Equipment Corp. 
pSOS-+ is a trademark of Software Components Group, Inc. 
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Antique reproduction 
by laser techniques 


Manufacturers at the high end of the fur- 
niture market in recent years have turned 
more and more to lasers and computer nu- 
merical control (CNC) to produce or repro- 
duce intricate designs. 





The most complicated designs are 
found in fretwork, a linear pattern of 
decorative motifs, and in marquetry, deco- 
ration formed by inserting pieces of ma- 
terial like wood or shell into a wood veneer 
attached to a piece of furniture. 

At the Baker Furniture Co.’s factory in 
Mocksville, N.C., a 700-watt helium laser is 
operated in three shifts to cut furniture fret- 
work and marquetry. Most of the items 
made there are antique reproductions. 

The laser can only cut wood up to % 
inch (2 centimeters) thick. “Beyond that, 
the wood tends to catch on fire before the 
laser cuts through it,” said Michael Hin- 
shaw, the plant manager. 

Also, the laser may leave a dark burn res- 
idue on light woods, according to Donald 
Milton, director of materials at Baker head- 
quarters in Grand Rapids, Mich. 

The factory has reproduced antique fur- 
niture from former plantation homes for 
the Charleston Historical Society in 
Charleston, S.C. To draw blueprints to ac- 
tual scale, a team of designers visits the 
Society to take notes, photographs, and 
measurements of the antiques, some- 
times returning with one on loan. 

With the blueprint, a programmer uses 
a mouse with cross hairs to line up a mul- 
titude of points that define the design, 
plotting them into a PC program. Most 
plotting takes a few hours, but intricate 
fretwork may require up to eight. Using an- 
other program, the programmer then 
smooths the points into a curve, reproduc- 
ing the blueprint on-screen. 

The PC is linked to a cutting apparatus 
consisting of a laser and a surface that 
moves the piece of wood into position. On 
average, the laser system carves fretwork 
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in half the time it would take with a fret- 
saw. For intricate fretwork, the savings is 
about seven-eighths of the time. 
Marquetry exacts even more exquisite 
cutting. Strips or pieces of one kind of 
wood or other material are cut by laser and 
then placed by hand into a design, which 
is glued to the surface of another kind of 
wood to form, say, arose pattern on acof- 
fee table top. The top 
veneer is reinforced by 
a second layer of ve- 
neer with opposite 
grain, a third layer of 
lumber panel, and two 
more layers of veneer. 
The five layers are then 
pressed together at 
250 pounds per square 
inch (1700 kilopascals) 
at 250 °F for 4-5 


minutes. 
To scout out ideas 
for their antique 


reproductions, Baker 
Furniture designers 
have traveled through- 
out the world during 
the past century. Some 
antiques they pur- 
chased to imitate are 
housed in the Baker 
Furniture Museum in 
Holland, Mich. 

In the past four years, the company has 
spent US $10 million to replace the ma- 
chinery in its six factories with CNC equip- 
ment. This has enabled Hinshaw’s facto- 
ry to take on work formerly done by 
subcontractors. 


Out of thin air 


Scientists who study aeroponics, the 
growth of plant tissue or seeds in a 
nutrient-rich mist without soil or water, can 
now get help from a device called the Mis- 
tifier system. 

Developed by Bio Rational Technologies 
in Stow, Mass., but marketed by Manostat 
Corp. in New York City, the system employs 
a horizontal growth chamber about the 
size of ahousehold ultrasonic humidifier. 
A tube inside the chamber evenly dis- 
perses nutrient mist from an ultrasonic 
mist generator over a perforated stainless 
steel tray. 

An electronic controller regulates the 
system’s various settings. These include 
acontrol that determines fluid level in the 
mist generator by regulating a peristaltic 
pump (which pumps fluid by waves of 
mechanical contractions along the tub- 
ing), a flowmeter that determines the rate 
of gas flow through the system, and acon- 
trol for intermittent mist generation. 





Finding a wood substitute 


A Cray supercomputer at the Pittsburgh 
Supercomputing Center at Carnegie Mel- 
lon University in Pittsburgh was tapped to 
determine whether a man-made material 
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could replace the wood of scarce Norway 
spruce in violin top plates. The wood is 
recognized as the best material for violin 
top plates because of its acoustical 
characteristics, but in recent years, Nor- 
way spruce forests have been decimated 
by air pollution and natural stresses. 

Because Norway spruce is 20 times 
stronger across the grain than with the 
grain, its compliance depends on the 
direction in which the deforming force is 
applied. And because the top plate is 
arched and not flat, nine elastic-compli- 
ance elements are required to describe it 
completely. 

Traditionally, violin makers have tested 
wood for the top plate by judging three 
elastic-compliance elements—bending it 
upward and downward and then twisting 
it—to determine the ratio of elastic defor- 
mation to applied force. 

Robert Schumacher, a physics profes- 
sor at Carnegie Mellon who plays the vio- 
lin, decided to test the importance of the 
six other elastic-compliance elements that 
violin makers have ignored. He modeled a 
flat top plate and several arched variations 
using a finite-element package called Aba- 
qus to compute their normal-mode fre- 
quencies (which have a stationary vibra- 
tion pattern). 

Schumacher found that three elastic 
constants do indeed adequately describe 
Norway spruce. Next he calculated 
normal-mode frequencies of carbon fiber- 
epoxy, which, like other man-made compo- 
sites, has fewer elastic-compliance ele- 
ments than wood. The results were simi- 
lar to those for Norway spruce. 
ESO OOO 


Monitoring oxygen in the brain 


Doctors at the University of Pennsylvania 
School of Medicine in Philadelphia are 
testing a blood-oxygen-monitoring device 
that may reduce the risk of brain damage 
in patients undergoing surgery. 

The Near Infrared Reflectance Spec- 
troscopy (NIRS), as it is called, was devel- 
oped by Britton Chance, a professor emeri- 
tus of biochemistry and biophysics. It uses 
photosensitized detectors to monitor 
changes in blood-oxygen levels in the 
brain, possibly more quickly than do pres- 
ent methods in which the lungs’ intake of 
oxygen and the oxygen saturation of the 
hemoglobin in arterial blood are mea- 
sured. Monitoring is critical for patients 
whose blood flow must be interrupted in, 
say, open-heart surgery; if blood oxygen 
dips below a threshold, patients can suf- 
fer brain damage. 

To monitor patients, a doctor attaches 
a headband containing a pen light bulb 
and a light sensor to the patient’s head. 
The light bulb passes light through the 
skin and skull into the brain, and the sen- 
sor then reads the reflected light. Changes 
in the amount of light absorbed indicate 
the amount of oxygen present. 


Coordinator: Katherine T. Chen 
Consultant: Allan E. Alcorn, 
Apple Computer Inc. 
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‘Surface 


¢ Large 814” x 11” format—over 1,500 pages 
More than 500 entries by eminent scientists 


° Over 750 photos, graphs, diagrams 
and charts 


¢ Completely cross-referenced and fully 
indexed 


¢ Edited by Rita G. Lerner and George L. Trigg 


When first published, the Encyclopedia 
of Physics won international acclaim 
for its broad and authoritative coverage 
of state-of-the-art physics. American 
Scientist called it “...clearly the defini- 
tive encyclopedia of physics.” Physics 
Today recommended it as “an open- 
ended invitation to a self-paced course in 
any and all of physics.” 


Now in its second edition, the Encyclope- 
dia keeps pace with the very latest devel- 
opments in all branches of physics—from 
radio astronomy, elementary particles, 
black holes, and unified field theory to 
semiconductors, biophysics, geophysics 
and physical chemistry. 


More than 500 world-renowned scientists 
have prepared special entries for their 
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respective fields, including such Nobel 
Prize winners as PHILIP W ANDERSON 
(Quasi-particles), OWEN CHAMBERLAIN 
(Nucleon), SHELDON GLASHOW (SU and 
Higher Symmetries), MELVIN SCHWARTZ 
(Leptons), BURTON RICHTER (Positron- 
Electron Colliding Beams), and KLAUS 
VON KLITZING (Quantum Hall Effect). 


To reflect dramatic breakthroughs and 
discoveries, the second edition of the 
Encyclopedia of Physics features many 
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all-new entries. Here is a selected listing: r 


¢ NEUTRON ASTRONOMY 

¢ CHAOS 

¢ COSMIC STRINGS 

¢ FRACTALS 

¢ GRAVITATIONAL LENSES 

¢ HIGH FIELD ATOMIC STATES 

¢ JAN-TELLER EFFECT 

¢ QUARKONIUM 

¢ SCANNING TUNNELING MICROSCOPY 

¢ SOLITONS 

¢ SUPERSYMMETRY AND 
SUPERGRAVITY 


With its new additions and revisions, the 
Encyclopedia of Physics remains the 
reference of choice not only for physicists, 
engineers and scientists in related fields, 
but for anyone with an avid interest in 
science, ©Newbridge Communications, Inc. 
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when you join the 


LIBRARY OF SCIENCE 


You simply agree to buy 3 more books—at 
significant savings—over the next 12 months. 






MEMBERSHIP BENEFITS¢ In addition to getting the 
Encyclopedia of Physics for only $4.95 when you join, 
you'll also receive discounts on books you choose to 
purchase. Discounts generally range from 15% to 30% off 
the publishers’ prices, and occasionally even more. ¢ Also, 
you will immediately become eligible to participate in our 
Bonus Book Plan, with savings of 60% off the publishers’ 
prices. ¢ At 3-4 week intervals (15 times per year), you will 
receive the Library of Science News, describing the coming 
Main Selection and Alternate Selections, together with a 
dated reply card. ¢ In addition, up to two times a year, you 
may receive offers of Special Selections which will be made 
available to a group of select members. If you want the 
Main Selection, do nothing, and it will be sent to you 
automatically. © If you prefer another selection, or no book 
at all, simply indicate your choice on the card and return it 
by the date specified. * You will have at least 10 days to 
decide. If, because of late mail delivery of the News, you 
should receive a book you do not want, we guarantee 
return postage. 

Library of Science 

A Division of Newbridge Communications, Inc. 

Delran, NJ 08075 


Please accept my application for trial membership and send } 
me the Encyclopedia of Physics (44580) billing me only ! 
$4.95, plus shipping and handling. I agree to purchase at 1 
least three additional Selections or Alternates over the next | 
12 months. Savings generally range from 15% to 30% off | 
the publishers’ prices. My membership is cancelable any ! 
time after I buy these three additional books. A shipping 1 
and handling charge is added to all shipments. 

No-Risk Guarantee: If I am not satisfied—for any reason— 
I may return the Encyclopedia of Physics within 10 days. 
My membership will be canceled, and I will owe nothing. 
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Name 





Address 
City. 


Apt. 





State Zip. 
(Books purchased for professional purposes may be a tax- 
deductible expense. Offer good in Continental U.S. and 
Canada only. Prices slightly higher in Canada.) 
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And here’s your first benefit! 


GET A FREE ONE-CAR-GROUP UPGRADE ON YOUR NEXT AVIS RENTAL! 


Present this coupon to the Avis rental sales agent when you pick up your car, and request a free upgrade to the next car group. 

To reserve your Avis upgrade, call your travel consultant or the Avis Special Promotion Reservations Number at 
1-800-831-8000. And be sure to mention your Avis Worldwide Discount (AWD) number. For information and reservations, see 
your travel consultant or call Avis toll free at 1-800-331-1212. 


= Certificate valid at Avis corporate and participating licensee locations in the 


certificate per rental. 

= Cars and upgrades subject 
to availability and must be 
returned to renting location. 


contiguous U.S. 

= Certificate valid for a one-time, one-car-group upgrade on 

an Intermediate (Group C) or a Full-Size 2-door (Group D) 

car. Maximum upgrade to Full-Size 4-door (Group E). 

= An advance reservation with request for upgrade required. 
= Surrender certificate 
at time of rental. One 


= Upgrade may be used with association rates and 


Rental Sales 
Agent Instructions 


At Check-Out: 
@ In CPN, enter #UUGA241 


@ Assign customer a car one 
group higher than car group 
reserved. (Upgrade no higher than 
Group E.) 

@ Charge for car group reserved. 
= Complete this information: 

RA* 

Rental Location 


At Car Return: 


Avis Worldwide Discount (AWD) number 


A606012 


discounts. # Renter must meet ® 
standard Avis rental requirements. V/$ 
= Offer expires June 30, 1991. 


Affix to copy of RA and submit to 
WHQ - Direct Mail. 





Avis features GM cars. 
Oldsmobile Cutlass Supreme. 
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GET RESEARCH RESULTS 
FASTER 
WITH INTEGRATED SIGNAL ANALYSIS 


You want to spend your time interpreting results not 
programming research tools. Integrated Signal Analysis (ISA) 

is the only software system that gives you a ready-to-use arsenal of 
linear and higher-order spectral analysis tools. 


FEATURES 


e Bispectrum, Bicoherency, Bicorrelation © Wavenumber-Frequency Spectrum 
e Quadratic Transfer Function e Fluctuation-Induced Transport 

e Quadratic System Coherency e FFT (any length) 

e Preconditioning Digital Filters e Standard Spectrum and Correlation 
e Phase-Sensitive Complex Demodulation e Linear Transfer Function 


SOME APPLICATION AREAS 


e Plasma Physics e Fluid Dynamics e Nonlinear Radar 
e Underwater Acoustics @ Nonlinear Ship Dynamics @ Oceanography 


e Offshore Technology e Nonlinear Modal Analysis e Biomedical Research 


ISA consists of application and library packages. 
Application package is provided in Fortran-77 source 
code, which can be used as a template to be customized. 
Library package is a coherent integration of 

basic building blocks for applications, 

which is currently available in object code. 

Plotting features are already coordinated 

with the signal processing modules. 

Reference Guide explains the principles 

and concepts underlying ISA 

in textbook fashion. 

ISA runs on VMS and 4.3BSD on DEC VAX 
family as well as SUN SPARCsystem computers. 


For more information, please call or write 
1-800-366-9081 
INTEGRAL SIGNAL PROCESSING, INC. 
-) 7719 Wood Hollow Dr., Suite 219, Austin, TX 78731, (512) 346-1451 
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ELECTRICAL ENGINEERING SEMINARS 


Lightning Protection 
April 11-12, 1991 - 4380F 


This course is of special value to technical personnel 
of telephone and power companies to broadcasters 
and others engaged in radio and cable communication, 
and to personnel in the defense community. 


Electromagnetic Interference and Control 
May 6-10, 1991 - 252DC 


The objective of this course is to provide engineers, 
managers, and others who need a better working 
knowledge of electromagnetic interference and control 
(EMI and EMC) with examples of actual interference 
situations and their solutions. 


For complete details and a course brochure 
please contact Monique Wilson. 
(202) 994-0726 
Toll Free: 1 (800) 424-9773 
Fax: (202) 872-0645 
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Imagine 

having 

the power 

to experiment..> 


Imagine having more time to ponder the 
abstract, rather than having to derive the solution. 


With MACSYMA® symbolic math software you can! 


No other software today packs the computa- 
tional power, versatility, and reliability of MACSYMA. 
MACSYMA can tackle any mathematical application you 
may have, whether in algebra, calculus, trigonometry, 
or practically any other branch of higher mathematics. 
It gives you problem-solving tools such as Laplace and 
Fourier transforms, Taylor and Poisson series, solution 
of first and second order differential equations, solu- 
tions to integrals, and more. It gives you sophisticated 
2-D and 3-D graphics, and can convert your equations 
into Fortran or ‘C’ for optimal numeric performance, or 
T,X for inclusion in publications. 

MACSYMA provides unequalled accuracy too, 


with your choice of exact or arbi- 
trary precision arithmetic, and gives 
you results at speeds from 10 to 100 times 
faster than traditional methods. 

All this power is remarkably easy to use. With 
the help of the User's Guide, extensive on-line docu- 
mentation, executable examples and demonstrations, 
and the Quick Reference Card, a beginning MACSYMA 
user can quickly become proficient, tackling problems 
that might otherwise have been too difficult or time- 
consuming. 

Whatever your application — engineering, 
science, economics or pure math — your work is too 
important to trust to any other math software. You 
deserve MACSYMA. 

More than just a system for doing mathemat- 
ics by computer, it’s the power tool for mathematics. 


SYMBOIICS. inc. 


MACSYMaA Division 
8 New England Executive Park East, Burlington, MA 01803 USA « 1-800-622-7962 (in Massachusetts, 617-221-1250.) 


MACSYMA is a registered trademark of Symbolics, Inc. TX is a trademark of the American Mathematical Society. 
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The IBM RISC System / 


The power youve beeri seeking 


Its a never-ending quest for power seekers. 
You’re always looking for ways to run your favor- 
ite applications faster. Well, search no more. The 
RISC System/6000" family of POW ERstations 
and POWERservers gives you power that soars 
as high as 23 MFLOPS and 56 MIPS. 


When it comes to porting, your ship 
has come in. Of course, all the speed in the 
world wouldn’t mean much without the applica- 


tions you need. So the RISC System/6000 family 












POWERstation 320 


DECstation 5000-200 





already has more than 2,000 of the most popular 
technical and commercial applications up, run- 
ning and running fast. And if you think you 
know a good thing when you see it, so do soft- 
ware vendors. That's why you'll also be seeing 
more and more applications coming on board 
the RISC System/6000 platform all the time. 
And if you like to build your own solutions, 
there’s a full arsenal of enablers and relational 
data bases from leading vendors, as well as 
CASE tools and a host of popular programming 


languages. 


Asmorgasbord of solutions. Applications 
already announced include the IBM engineering 


design packages CADAM, CAEDS; CBDS; 


MFLOPS are the results of the double-precision, all FORTRAN Linpack test 100x100 array suite. The Dhrystone Version 1:1 test results are used to compute RISC System/6000 Integer MIPS value where 1,757 Dhrystones/second is 
1 MIPS (Vax 11/780). SPECmark is a geometric mean of ten benchmark tests. All performance data are based on published benchmark information 


IBM is a registered trademark, and RISC System/6000 and CAEDS are trademarks of International Business Machines Corporation. SPECmark is a trademark of Standard Performance Evaluation Corporation. UNIX is a ae 
trademark of UNIX System Laboratories, Inc. CADAM is a trademark of CADAM INC. CATIA is a trademark of Dassault Systemes. CBDS is a trademark of Bell Northern Research Corporation. DECstation is a trademark of Digital 
Equipment Corporation. HAGAR THE HORRIBLE Character(s) © 1990 King Features Syndicate, inc. © IBM Corp. 1991, all rights reserved. 





6000 tamily, 


for all your applications. 


CATIA” and AES. Also available are a broad 
spectrum of solutions from vendors like Valid 
Logic, MacNeal Schwendler, Swanson Analysis, 
SAS Institute, SPSS, Wavefront, Alias, Polygen, 
Cadence, Fluid Dynamics International, Western 
Atlas, ECL Petro and creare.X. Scientific and 
technical applications are available in areas like 
physics, structural analysis, chemistry, securities 
trading, mathematics, earth resources, opera- 
tions research, visualization, graphics, technical 
publishing and more. There’ also accounting 
software like FourGen and support for leading 
UNIX“ based office automation packages. And 
there are key industry applications for businesses 
in medical groups, retail stores, newspapers, 
pharmacies and many more. 


For the Power Seeker. 





Command enormous processing clout. 
The RISC System/6000 family is built to boost 
the performance of the software power seekers 
use most. It’s got the best floating point processor 
in the business for numerically intensive 
applications, plus a new superscalar processor 
and incredible 3D 
graphics capabilities. 
To find out more, call 
your IBM marketing 
representative or IBM 
Business Partner. For 
literature, call 
1 800 IBM-6676, 
ext. 990. : 
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International Conference Control 91 (UKRI Sec- 
tion); March 25-28; Edinburgh Conference 
Centre, Heriot-Watt University, Edinburgh, 
Scotland; Louise Bousfield, IEE Conference 
Services, Institution of Electrical Engineers, 
Savoy Place, London WC2R OBL, England; 
(44+1) 240 1871; fax, (44+1) 240 7735. 


APRIL 


Second International Symposium on Integrat- 
ed Network Management (IFIP et al.); April 1- 
5; Crystal Gateway Marriott, Washington, D.C.; 








Action Motivation, Box 191885, San Francis- 
co, Calif. 94119; 415-392-3751. 


Southeastcon ’91 (Region 3 et al.); April 7-10; 
Fort McGruder Inn, Williamsburg, Va.; Griffith 
G. McRee, 525 Virginia Deare Dr., Virginia 
Beach, Va. 23451; 804-683-4897 (O) or 804-428- 
0083 (H). 


Infocom ‘91 (COMP, COMM); April 7-11; Sher- 
aton Bar Harbour, Bar Harbour, Fla.; Ken 
Joseph, Bell Canada, 160 Elgin St., Ottawa, 
Ont. K1G 3J4, Canada; 613-781-7214; fax, 
613-234-1442. 


First International Workshop on Interoperabili- 
ty in Multidatabase Systems (COMM); April 8- 
9; Kyoto University, Kyoto, Japan; IEEE Com- 





THE SIMULATION SOFTWARE STANDARD FOR 
MODELLING/ANALYZING REAL-WORLD SYSTEM DYNAMICS 


- All the Power of FORTRAN 
- 75% Less Programming 

- Interactive, Friendly 

- Full Color Graphics 


- Variety of Well-Tested Algorithms 
- 17 Platforms, Micro to Supercomputer 


ACSL® (the Advanced Continuous Simulation 
Language) is used by thousands of scientists 
and engineers daily for studying the behavior 
of nonlinear systems. Evolving from roots in 
the aerospace community, simulation is 
rapidly expanding across a broad spectrum of 
government, education, and industry. Why? 
Because of the productivities gained by 


understanding systems behavior prior to 
making key decisions. Simulation makes 
sense, and ACSL is the tool of choice by 
serious professionals. 


FEATURES 

* Fully Interactive 

* Free Format 

* Unlimited Model Size 


* Eigenvalues, Eigenvectors, and Jacobians 


Symbolic Access to all Variables 


Bode, Nyquist, Nichols, and Root Locus Plots 


Discrete State Event Finder 


Numerous Algorithms, Including Fehlberg, 
Gear’s Stiff, Runge-Kutta, Fixed/Variable Step 


Vector/Array Capabilities 
Powerful Macro Utility 


Links to Existing FORTRAN Routines/Libraries 
Interfaces to MATLAB™ and Other Popular 


Software Tools 


Compensator Analysis in Frequency Domain 
Closed Loop Response 
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Mitchell & Gauthier Associates (MGA) 


73 Junction Square Drive = Concord MA 01742-3096 USA 
TEL (508) 369-5115 = Fax (508) 369-0013 
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puter Society Conference Services, 1730 Mas- 
sachusetts Ave., N.W., Washington, D.C. 
20036-1903; 202-371-1013; fax, 202-728-0884. 


Third International Conference on Indium Phos- 
phide and Related Materials (ED); April 8-10; 
Park Hotel, Cardiff, Wales, UK; Robert Wan- 
gemann, IEEE Service Center, 445 Hoes Lane, 
Box 1331, Piscataway, N.J. 08855-1331; 
201-562-3895. 


International Reliability Physics Symposium 
(ED, R); April8-11; Caesars Palace, Las Vegas, 
Nev.; Alfred L. Tamburrino, RADC/ RBRP, 
Griffiss AFB, N.Y. 13441-5700; 315-330-2813. 


Ninth Annual IEEE VLSI Test Symposium 
(COMP et al.); April 16-18; Bally’s Park Place 
Casino Hotel, Atlantic City, N.J.; William Zack- 
er, 40 Gill Lane, Woodbridge, N.J. 07095; 
201-636-8616. 


International Symposium on Power Semicon- 
ductor Devices (ED); April 22-24; Baltimore, 
Md; M. Ayman Shibib, AT&T Bell Laboratories, 
2625 N. 12th St., Reading, Pa. 19612; 215-939- 
6576. 


10th International Symposium on Computer 
Hardware Description Languages and their Ap- 
plications (IFIP et al.); April 22-24, Marseille, 
France; Ronald Waxman, Department of Elec- 
trical Engineering, Thornton Hall, University 
of Virginia, Charlottesville, Va. 22903-2442; 
804-924-6086. 


International Symposium on Subscriber Loops 
and Services-ISSLS ‘91 (COMM et al.); April 
22-25; Raicongrescentrum Europaplein, Am- 
sterdam, The Netherlands; Paul ‘t Hoen, PTT 
Netherlands, Box 39, 2260 AA Leidsehenam, 
The Netherlands; (31+70) 43 22 33; fax, 
(31+ 70) 43 21 40. 


International Workshop: Quality of Telecommu- 
nications Services and Products (IEEE QAMC); 
April 23-25; Val David, Canada; V. Seshadri, 
Room 3J536, AT&T, Crawfords Corner Road, 
Holmdel, N.J. 07733. 


MAY 


IEEE/IAS Industrial and Commercial Power Sys- 
tems Conference-l&CPS ’91 (1A); May 6-9; Hil- 
ton Inn, Memphis, Tenn.; Allan H. Long, Mem- 
phis Light, Gas & Water Division, Box 430, 
Memphis, Tenn. 38101-0430; 901-528-4859. 


Compeuro '91-IEEE Fifth International Confer- 
ence on Advanced Computer Technologies, 
Systems, and Applications (COMP et al.); May 
7-10; Bologna, Italy; V. A. Monaco, Dip. Elet- 
tronica, Informatica e Systemistica, Universi- 
ty of Bologna, Viale Risorgimento 2, 1-40136, 
Bologna, Italy. 


Power Industry Computer Applications 
Conference-PICA ‘91 (PE); May 7-10; Hyatt 
Regency/ Sheraton, Baltimore, Md.; William 
Keagle Jr., Baltimore Gas & Electric Co., Elec- 
tric Test Facility-RBC, Box 1475, Baltimore, Md. 
21203; 301-281-3788. 


IEEE Pacific Rim Conference on Communica- 
tions Computers and Signal Processing (Vic- 
toria Section), May 9-10; Dr. Pan Agathoklis, 
Department of Electrical and Computer En- 
gineering, University of Victoria, Box 3055, Vic- 
toria, B.C., Canada V8W 3P6; 604-721-8618. 


(Continued on p. 18J) 
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Measure time the way George Washington did... 
with this fine precision timepiece. 





Begin by setting the suspension 
ring to the local latitude. 





Next, adjust the movable 
index to the current date. 





Finally, turn the entire dial 


SHOWN ACTUAL SIZI until sunlight coming through 





HARDWOOD STAND INCLUDED the pinhole in the index ts 
focused on the hour ring. 
THE NATIONAL MARITIME HISTORICAL SOCIETY Pick it up. Turn the dial until sunlight coming 
PRESENTS THE UNIVERSAL RING DIAL through the pinhole focuses on the hour ring. And experi- 
The Father of Our Country always treasured the precisely ence how Washington must have felt as he measured each 
calibrated timepiece given to him by his close friend the dramatic moment in the birth of our nation. 
Marquis de Lafayette. Every numeral and letter —as well as the acanthus leaf 
It was the Universal Ring Dial, the fine instrument design — is deeply etched into the imported brass. Priced 


preferred by the wealthy and powerful for over 150 years. at $90. Available only from The Franklin Mint. 


Now this precision timepiece is re-created in etched solid 
brass to inaugurate the official collection of the National 
Maritime Historical Society. 


THE UNIVERSAL RING DIAL 


National Maritime Historical Society 








THIRTY-DAY RETURN ASSURANCE POLICY 
If you wish to return any Franklin Mint purchase, you may do so within 30 days of 
your reeipt of that purchase for replacement, credit or refund. 








Please mail by January 31, 1991. 


C/o The Franklin Mint * Franklin Center, Pennsylvania 19091 SIGNATURE pers eo bier W i reece, 4 
ALL ORDERS ARE SUBJECT TO ACCEPTANCE. 

Please handcraft The Universal Ring Dial in precision-etched solid MR/MRS/MISS___ a LL 4 

brass expressly for me. And bill me in 4 monthly installments of Tatited andauthenticated BUSSE RINE SARE 

$22.50* each, beginning prior to shipment. The hardwood base, by the ADDRESS eer nd ee hey 

instructions for use and historical reference will be provided at no ee coc 

ene ee of the United States. CITY/STATE/ZIP_ 


*Plus my state sales tax and a one-time charge of $3. for shipping and handling. 


© 1991 FM ae 85737-64 





















































Snot easy 


Sometimes it’s harder to stay out front than it is 
to get there. That's why you need a CAE environment 
designed to keep the competition where it belongs. 
Behind you. 

Presenting Ctrl-C and Model C. Ctrl-C is the 
interactive command-driven language for classical 
and modern control design and analysis, signal 
processing, system identification and optimization, 
and engineering graphics. Model-C is the block 
diagram modeling and simulation program for work- 
station environments. It simplifies all phases of 
systems engineering, on projects ranging from 

















chemical process modeling to underwater propulsion. 
Features include hierarchical model construction 

for mixed continuous and discrete systems, lineariza- 
tion, and automatic code generation. 

Ctrl-C and Model C from Systems Control 
Technology, Inc. When you want your project to fly, 
there's no better way to get it off the ground. 

For more information contact the CAE Systems 
Sales Department at 800-227-1910, telex 176451 SYSTEC 
PLA, fax 415-496-6595, or write to 2300 
Geng Road, Palo Alto, California 94303. 

CAE Systems is a division of SCT, Inc. 
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Ctrl-C available for 386 PCs, Sun, Apollo and DEC workstations, DEC mainframes and Convex. Mac versions available soon. Model-C available for VAX and Sun 3 workstations. SPARCstation, DECstation and Mac version coming soon. CtrlC® and Model-C™are trademarks of Systems Control Technology. 
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We have a magazine 
as dedicated as you are. 


If you design VLSI-based systems for a living, there's a Take direct aim at today’s real-world challenges and 


new monthly magazine written just for you—and it's Opportunities in EDA. Design Automation—now you 


FREE! We know the pressures of chip and systems design have a magazine as dedicated as you are. 
—and we know you don't have hours to wade through 
power supply round-ups and connector ads for 


useful design information. 


\ 
————— 

_ 

—_— 


ecription tO 
easy! To 2001 for a FREE ete PAX it to 
RES «tion, fill out this COUF’ mation, 
Design Automation is focused 100% on com- \_ Design Automatio® «it to: Design ALLO | 









plex chip, board, and system design. Every month, \ B acwats Street, Sat Francisco, CA, 94109. 
you get practical methodologies, tips, and tricks 2 \ 
for doing your job faster and better. Our in-depth \ | 
articles and columns, as well as objective product } 
reviews, keep you up to date with the latest advances Company —astop 
in EDA techniques and tools. \ | 
Design Automation is about solving problems. Now. ee Country 
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The Team. 


Leam from the most influential practitioners in 
the computer industry—names you know and 
respect including William Stallings. ..Grady 
Booch,..Tom Cargill... Bill Plauger... Stephen 
Boume... Andrew Koenig... Richard Stevens. 


The Courses. 


Current courses include: Software Project 
Management ¢ Software Requirements and 
Specs ¢ Real-Time Software & Systems ¢ 
Object-Oriented Programming/C++ ¢ Unix 
System Workshop ¢ C Programming Workshop 
¢ Advanced C Workshop * Data Comm & 
Networks ¢ LAN Networks * Computer 
Network Architectures. 


The Results. 


Public courses are held in 13 locations across 
the country (on-sites also available), Attendee 
feedback, our most important development 
tool, includes comments like: 
"An excellent introduction to both C++ 
and OOP, taught by a very knowledgeable 
instructor....Tom Cargill knows his material 
very well." 
—Alex Bangs, Research Associate 
Martin Marietta Energy Systems, Inc. 


For a course catalog call: 


1-800-333-5177 
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An Addison-Wesley Company 


Route 128 © One Jacob Way © Reading, MA 01867 


In cooperation with (cm 
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(Continued from p. 18F) 

Custom Integrated Circuits Conference (ED); 
May 12-15; Town and Country Hotel, San 
Diego, Calif.; Laura Morihara, Convention 
Coordinating, 298 Ohina Place, Kihei, Maui, 
Hawaii 96753; or Roberta Kaspar, 1597 Ridge 
Rd. W., Suite 101C, Rochester, N.Y. 14615; 716- 
865-7164; fax, 716-865-2639. 


Ideas in Science and Electronics Symposium 
and Exposition (IEEE Albuquerque, et al.); May 
14-16; Albuquerque Convention Center, Albu- 
querque, N.M.; Dave Smoker Communica- 
tions, 218 Manzano N.E., Albuquerque, N.M. 
87108; 505-266-7292; or Charles E. Christmann, 
c/o ISE Inc.; 505-262-1023. 


Vehicular Technology Conference (VT et al.); 
May 19-22; Sheridan West Port Inns, Maryland 
Heights, Mo.; Jay Underdown, 58 Judy Dr., St. 
Charles, Mo. 63301; 314-946-9980 (O); 314-723- 
4200 (H). 


National Aerospace and Electronics Confer- 
ence-NAECON ’91 (AES et al.); May 20-24; 
Dayton Convention Center, Dayton, Ohio; Sue 
Brown, ASD/ ENES, Wright-Patterson AFB, 
Ohio 45433-6503; 513-255-6281. 


Annual IEEE/ASME Joint Railroad Conference 
(IEEE et al.); May 21-23; St. Louis, Mo.; Robert 
B. Fisher, Land Transportation Division, South- 
eastern Pennsylvania Transportation Authori- 
ty, 5800 Bustleton Ave., Philadelphia, Pa. 19149; 
215-580-4888. 


International Symposium on VLSI Technology, 
Systems, and Applications (ED); May 22-24; 
Lai Lai Sheraton Hotel, Taipei, Taiwan; Alice 
Chiang, 617-981-4629. 


Mediterranean Electrotechnical Conference (Re- 
gion 8); May 22-24; Ljubljana, Yugoslavia; Bal- 
domir Zajc, Fakuteta za Elektrotehniko, Trzas- 
ka 25, 61000 Ljubljana, Yugoslavia. 


JUNE 


Fourth International Conference on Industrial 
and Engineering Applications of Artificial Intel- 
ligence and Expert Systems (COMP et al.); 
June 2-5; Waiohai Hotel, Kauai, Hawaii; Moo- 
nis Ali, University of Tennessee Space Institute, 
MS15, B.H. Goethert Parkway, Tullahoma, 
Tenn. 37388; 615-455-0631, ext. 236; fax, 
615-454-2354. 


IEEE Pulp and Paper Industry Conference (IA); 
June 3-7; Hotel des Gouverneurs Lerand, Mon- 
treal; Michael Riverin, Relcon Inc., 2535 Caven- 
dish Blvd., Montreal, Que., Canada; 514-487- 
6111. 


Intensive Course on Electrical Contacts (IEEE/ 
CHMT); June 3-7; Radisson Plaza Raleigh, Ra- 
leigh, N.C.; IEEE Holm Conference Registrar, 
445 Hoes Lane, Box 1331, Piscataway, N.J. 
08855-1331; 908-562-3863; fax, 908-562-1571. 


International Microwave Symposium-MTT ‘91 
(MTT); June 11-13; Hynes Convention Center, 
Boston; Peter Staecker, MA-COM, 52 South 
Ave., Burlington, M/S 704, Mass. 01803; 617- 
272-3000, ext. 1602. 

(Continued on p. 18L) 
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Analog Circuit Simulation 


: IBM PC or Compatible Products 
IsSpice $95, The complete Spice program that runs 
on all PC's. AC, DC, and Transient analyses. 
IsSpice/286 and IsSpice/386, Special 286 ($210) 
and 386 ($386) protected mode Spice versions. 
SpiceNet $295, Schematic editor for ANY Spice 
simulator (Shown Below). 

IntuScopE $250, Spice graphics post processor. 
PreSpice $200, Extensive Model libraries, Monte 
Carlo analysis and Parameter Sweeping. 


















































Macintosh Products 
IsSpice/mac, Spice for any Macintosh $210. No 
coprocessor version $95. Runs on the Plus, SE, 
SE/30, and MAC II with as little as 1 meg of RAM. 
PreSpice/mac $175, Extensive Model libraries, 
Netlist Editor, ICAPS menu shell. 

SimuLatinG WitH Spice, A complete Spice reference 
book with tutorials, examples, debugging tips and 
Spice syntax. Included with all IsSpice programs. 
Special Educational Discounts, Student 
Versions, and Network Packages available 


30 Day Money : P.O. Box 6607 
Back Guarantee i boon San Pedro, CA 
Tel. (213) 833-0710 Fax (213) 833-9658 


90734-6607 
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LOCATION AND LoGisTics 
INDUSTRIAL INFRASTRUCTURE 
WORKFORCE 


Holland remains the strategic 
Gateway to Europe—and not just 
because of her ideal location. 


Her concentrated network of road, 
water, rail and air transportation 
helps companies transship quickly 
and economically to all major 
European markets and worldwide. 


Over 30% of all EC imports are 
brought in through Dutch ports 
and airports, including Rotterdam 
and Schiphol. Dutch haulers ac- 
count for over 25% of cross-border 
EC road transport. 


Almost half of Holland’s GDP is 
exported, so it is no wonder the 
Netherlands has developed an un- 
paralleled system of distribution 
facilities and logistical assets— 
including about 2,500 bonded and 
FEMAC warehouses, 24-hour cus- 
toms stations, teleports and com- 
puterized cargo tracking systems 
that reduce transit times and costs. 


Working with Dutch masters at 
freight forwarding and product 
distribution is an easy way to get 
started in Europe. 


After, you may join the 1,500 North 
American companies that already 
have invested in Holland, estab- 
lishing European headquarters or 
sales, repair and service, assem- 
bly, manufacturing or R&D centers. 


HIT THE GROUND RUNNING 


‘Transship goods from Holland 
at the lowest cost in Europe, 
without spinning wheels 





—N etherlands-——— 
Foreign [nvestment 
‘Agency 








NEW YORK (212) 246-1434 * SAN FRANCISCO (415) 981-1468 »* LOS ANGELES (213) 477-8288 * OTTAWA (613) 237-5030 


Please send me literature on The Netherlands: Europe’s Gateway to 1992. IEEE 


Complete this coupon and mail it to: Mr. Irwin de Jong, Executive Director 
Netherlands Foreign Investment Agency, One Rockefeller Plaza, New York, NY 10020, 








| 
| | 
| | 
| | 
| Name Title | 
| | 
| | 
| | 
| | 





Company Telephone 
Address 
le City State Zip —— | 





This material is published by Ogilvy Public Relations Group, which is registered as an agent of the Government of the Netherlands. It is filed with the Department of Justice, 
where the required registration statement is available for public inspection. Registration does not indicate approval of the contents by the United States Government. 
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ADVANCED ENGINEERING 
EDUCATION 


If you're a busy professional engineer 
searching for a convenient way to 
further your education without inter- 
rupting your career...look to the VIP. 

Through the University of Massa- 
chusetts at Amherst, the VIP offers a 
wide variety of advanced engineer- 
ing courses, delivered to your work- 
place by videotape or live broadcast. 
The VIP gives you the advantage and 
flexibility to receive graduate level 
instruction at a time and place that fit 
your schedule. 

Call or write today about our 
degree and non-degree programs. 
Spring registration deadline is 
January 22, 1991. 


Video Instructional Program 
College of Engineering 

113B Marcus Hall 

University of Massachusetts 
Amherst, MA 01003 

(413) 545-0063 


An equal opportunity/affirmative action institution. Circle No. 33 





18L 





Ae Sane 
CALENDAR 
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Device Research Conference (ED); June 16- 
19; University of Colorado, Boulder; Larry Col- 
dren, University of California, Department of 
Electrical Engineering and Computer Engineer- 
ing, Santa Barbara, Calif. 93106; 805-893-4486. 


Eighth IEEE Pulsed Power Conference (ED); 
June 17-19; Sheraton Island Habor Hotel, San 
Diego, Calif.; Roger White, 619-576-7884. 


University/ Government/ Industry Conference 
(ED); June 18-20; Melbourne Holiday Inn, 
Oceanside, Fla.; Thomas Sanders, Florida In- 
stitute of Technology, 150 W. University Blvd., 
Melbourne, Fla. 32901; 407-768-8000, ext. 8769/ 
8763. 


Joint Magnetism and Magnetic Materials- 
Intermag Conference (MAG); June 18-21; Pitts- 
burgh Hilton, Pittsburgh; Diane Suiters, 5M3! 
Conference Coordinator, 655 15th St., N.W., 
Suite 300, Washington, D.C. 20005; 202-639- 
5088; fax, 202-347-6109. 


International Conference on Communications 
(COMP); June 23-26; Denver Technical Cen- 
ter, Hyatt and Sheraton, Denver, Colo.; Russell 
Johnson, Western-Telecommunications Inc., 
4643 S. Ulster St., Suite 400, Denver, Colo. 
80237; 303-721-5650. 


Antennas and Propagation Society Internation- 
al Symposium and URSI National Radio 
Science Meeting (AP); June 23-27; Universi- 
ty of Western Ontario, London, Ont., Canada; 
A. R. Webster, Faculty of Engineering Science, 
University of Western Ontario, London, Ont. 
N6A 5B9, Canada; 519-679-6294. 


International Symposium on Information The- 
ory (IT); June 23-28; Budapest, Hungary; An- 
thony Ephremides, Department of Electrical En- 
gineering, University of Maryland, College 
Park, Md. 20742; 301-405-3641. 


Power Electronics Specialist Conference- PESC 
‘91 (PEL); June 24-28; Massachusetts Institute 
of Technology (MIT), Cambridge; Martin 
Schlecht, MIT, Room 39-553, Cambridge, 
Mass. 02139; 617-253-3407. 


Transducers ’91: International Solid-State Sen- 
sors and Actuators Conference (ED); June 24- 
28; Hyatt Regency Hotel, San Francisco; 
Richard S. Muller, 497 Cory Hall, Berkeley Sen- 
sor & Actuators Center, Department of Elec- 
trical Engineering and Computer Science, Elec- 
tronics Research Laboratory, University of 
California at Berkeley, Berkeley, Calif. 94720; 
415-642-0614. 


American Control Conference-ACC '91 (CS); 
June 26-28; Boston; Timothy Johnson, Gener- 
al Electric Co., Research and Development, 
KWD 217, Box 8, Schenectady, N.Y. 12345; 
518-387-5096. 


JULY 


28th IEEE Nuclear and Space Radiation Effects 
Conference (IEEE Nuclear and Plasma Sciences 
Society); July 15-19; Town and Country Hotel, 
San Diego, Calif.; James R. Schwank, Sandia 
National Laboratories, Division 2144, Box 5800, 
Albuquerque, N.M. 87185; 505-846-8485. 


AUGUST 


International Symposium on Electromagnetic 
Compatibility-EMC ’91 (EMC et al.); Aug. 13- 
15; Hyatt Cherry Hill, Cherry Hill, N.J.; Henry 
W. Ott, 45 Baker Rd., Livingston, N.J. 07039; 
201-386-6660. 


SEPTEMBER 


Bipolar Circuits and Technology Meeting (ED); 
Sept. 9-10; Minneapolis Marriott Hotel, Min- 
neapolis, Minn.; John Shier, 2401 E. 86th St., 
Bloomington, Minn. 55425; 612-851-5228. 


Petroleum and Chemical Industry Technical 
Conference (IA); Sept. 9-11; Royal York, Toron- 
to; Barry Wiseman, Reliance Electric Co., 5220 
Creekbank Rd., Mississauga, Ont., Canada 
L3W 1X1; 416-625-8112. 


Third International Conference on Microstruc- 
tures in Biological Research (ED); Sept. 9-12; 
Martin Peckerar, 202-767-3150. 


Seventh Multidimensional Signal Processing 
Workshop (SP); Sept. 23-25; Whiteface Inn, 
Lake Placid, N.Y.; John Woods, Computer and 
Systems Engineering, Rensselaer Polytechnic 
Institute, Troy, N.Y. 12181; 518-276-6079. 


18th International Conference on Computers in 
Cardiology (COMP et al.); Sept. 23-26; Venice, 
Italy; Corso Stati Uniti 4, 35020 Padova, Italy; 
(39+49) 829 5702. 


International Symposium on Gallium Arsenide 
and Related Compounds (ED); Sept. 23-26; 
Seattle, Wash.; L. Ralph Dawson, 505-846- 
3451. 


Fourth Annual IEEE International Application 
Specific Integrated Circuits Conference and Ex- 
hibit (IEEE Rochester, C); Sept. 23-27; Roch- 
ester Riverside Convention Center, Rochester, 
New York; Kenneth W. Hsu, Department of 
Computer Engineering, Rochester Institute of 
Technology, Rochester, N.Y. 14623; 716-475- 
2655; fax, 716-475-6879. 


OCTOBER 


Fourth International Conference on Amorphous 
and Crystalline Silicon Carbide and Other IV- 
IV Materials (ED); Oct. 10-11; Santa Clara 
University, Santa Clara, Calif.; Cary Yang, 
408-554-6814. 


International Display Research Conference 
(ED); Oct. 15-17; Hyatt Islandia Hotel, San 
Diego, Calif.; Andras Lakatos, 716-422-9700. 


37th IEEE Holm Conference on Electrical Con- 
tacts (CMHT); Oct. 6-9; Marriott Downtown, 
Chicago; Conference Registrar, IEEE, Inc.; 
201-562-3863. 


International Joint Power Generation Confer- 
ence (IJPGC '91) (PE); Oct. 6-9; Town and 
Country, San Diego, Calif.; M. Scalice, 
212-705-7053. 


VNIS ‘92-1991 Vehicle Navigation and Informa- 
tion Systems Conference (VT); Oct. 20-23; 
Troy, Mich.; Mark K. Krage, 313-986-2976. 


MILCON ‘91-IEEE Military Communications 
Conference (COM); Oct. 20-23; McLean Hil- 
ton, McLean, Va.; Faye Burke, 703-883-6733. 
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Implement Digital Signal Processing 
Without A/D Conversion 







W.AM.E: 


_ The ACT Signal hes 
MicroProcessor brings 
programmability to high- 
speed analog processing. 


Acoustic Charge Transport (ACT) technology has 
enabled the development of revolutionary Signal 
MicroProcessors capable of performing over 45 billion 
multiply-and-accumulate operations per second. 

The Signal MicroProcessor (SMP) is a software- 
programmable chip which processes RF and video analog 
signals with the same versatility and ease that the digital 
microprocessor processes data. The SMP Development 
Station is an evolving system of PC-based instrumentation 
modules that use the SMP as a massively parallel 
processing engine capable of handling RF and video oe a 
signals with bandwidths up to 150 MHz. User interface and Pre-equalization Post-equalization 
control of the SMP is provided through powerful and easy- : ‘ : 
to-use W.A.V.E.® data aquisition and analysis software. Pulse shaping / equalization 
W.A.V.E.® runs on any IBM-PC/AT or 100% compatible Unparalleled ability to shape wideband waveforms and equalize channels. 
personal computer. 5 

The first SMP Development Station module is a 128-tap 
programmable transversal filter (PTF) which is useful for 
signal generation, extraction, modification and 
characterization. It has been used to verify the design of an 
LPI radar system, built-in network analyzers, multipath 
equalizers, pulse-shaping equalizers, magnetic read-head 
equalizers, programmable bandpass filters, smart scope 
triggers, anti-aliasing filters, synthesizers, waveform 
generators, spread-spectrum matched filters, interference 
cancellers, target simulators, and pattern matchers for 











signals and images. Pre-cancellation Post-cancellation 
Users can expect to have the SMP Development Station t 
up and running in less than 1 hour. Interference cancellation 


Measurement and cancellation of single or multiple interference sources. 





ELECTRONIC DECISIONS INCORPORATED 


1776 East Washington Street Urbana, Illinois 61801 


(800) 373-3628 
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SPARCstation™ 2. If you 
think limits were made to be 
exceeded, this is your kind of 
machine. 

After all, it exceeds all our 
own limits. Last year, SPARC- 
station 1 broke every record for 
price and performance. And 
became the best-selling work- 
station in history. By far. But we 
went right back to the drawing 
board. And created the entire 
SPARCstation 2 line. 


POWER YOU CAN ACTUALLY USE. 








To begin with, you get twice 


the performance. For about the 
same price. 28.5 MIPS. 21 
SPECmarks. And 4.2 MFLOPS. 
You can even have up to 96MB 
of RAM. And as much as 
7.6GB of mass storage. 

But more than just a hot 
engine, you get everything 
else you need to do your job. 
Unbelievably real graphics. 
Easy networking. A huge 
selection of software. And 
complete expandability. 

Put all that together, and 
you get the kind of power you 
can actually use. 








THE WHOLE LINE IS AWESOME. 
THE PRICES AREN'T. 





Just look at SPARCstation 
2Gx. It gives you ultra-high 
speed at no extra cost. And 
brings a whole new level of 
performance to X-window 
applications. So it’s ideal for 
electronic publishing. Financial 
analysis. And for anyone who 
has to work with 2-D and 3-D 
wireframe applications. 

And that’s just the most 
basic color model. We've also 
built SPARCstation 2GS. It lets 


©1990 Sun Microsystems, Inc. Sun Microsystems and the Sun logo are registered trademarks, and Sun, SunOS, OpenWindows, DeskSet and Computers that network people are trademarks of Sun Microsystems, Inc. SPARCstation and SPARCware 





you create 3-D solid images 
in 24-bit true color. It’s the 
kind of machine you hate to 
share. And from now on, you 
wor't have to. 

At the high end, there's 
SPARCstation 2GT. It does all 
the above, but it’s been tuned 
especially for PHIGS, which 
is the highest standard for 3-D 
graphics on the planet. So it 
runs five times faster than the 
GS. With all this, it gives you 
a level of image quality you've 
never seen at anywhere close 
to its price. 


THE WHOLE THING MAKES 
PERFECT STRATEGIC SENSE. 


At Sun, we make a full line 
of SPARC-based systems. From 
the lowest-cost RISC/UNIX° 
workstation in the world to 
servers that support hundreds 
of users. They’re all binary 
compatible. And they’re built to 
run the most widely accepted 
standards for workstations. 

On the subject of software, 
there are more than 2100 
SPARCware™ applications. In- 
cluding all the most popular 


solids modeling programs. 
And the most popular PC soft- 
ware. And with our OPEN 
LOOK’ interface, you'll spend 
less time learning the system. 
And more time on your real job. 
If you'd like to know more, 
callusat1-800-821-4643. (From 
California, 1-800-821-4642.) 
And we'll give you a better 
machine to strive with. 


S 


Computers that network people.” 


are trademarks of SPARC International, Inc., licensed exclusively to Sun Microsystems, Inc. SPARC products are based on an architecture developed by Sun Microsystems, Inc. OPEN LOOK and UNIX are registered trademarks of UNIX System Laboratories, Inc 
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EasyPlot. Spiral Software. Scientific Plot- 
ting & Data Analysis IBM PC or compati- 
ble; 350K bytes of memory. EGA, VGA, or 
Hercules graphics card required. US $349. 
($269 for government and academic insti- 
tutions.) 

EasyPlot lived up to its name because 
| was plotting useful data within the first 
half hour. During the next several months 
| needed to read only small portions of the 
manual and still managed to produce 
hundreds of plots. The Version 1 manual 
is amere 120 pages and provides quick ac- 
cess to needed information. It is also clear- 
er and more concise than most software 
documentation, and very nearly complete. 
The technical support was prompt and ex- 
cellent. 

EasyPlot gets its inputs from data files. 
Multiple data files and/or multiple columns 
of data can be entered. This contrasts with 
some other plotting software consisting 
of Fortran or C callable subroutines that 
the user includes in a computer 
program. | much prefer the ap- 
proach used by EasyPlot, since it 
does not require writing plotting 
programs or reprogramming to 
change plot format. 

EasyPlot has six pulldown 
menus, a number that is easy to 
manage and can be grasped 
quickly. They can be operated 
using a mouse or from the key- 
board. Another extremely useful 
and versatile feature is that text 
commands placed in an input file 
can operate EasyPlot. The file con- 
taining these plotting commands 
may be the same input file as the 
one that contains the numerical 
input data points to be plotted, or it 
may be a separate file. This feature allows 
a plot to be saved and then modified slight- 
ly by editing the input file. It also permits 
a series of plots to be automatically 
generated and printed from a batch file. 
If the program that generates the numer- 
ical data also writes some text, then 
each plot can be uniquely titled, annotat- 
ed, plotted, and printed with no user inter- 
vention. 

In addition to numeric input consisting 
of lists of data points, short equations can 
also be typed in and plotted: a timesaver 
in some instances. These equations can 
include references to typical trigonomet- 
ric and logarithmic functions. Data may 
also be graphically analyzed (a fast Fou- 
rier transform, curve fitting, and so on are 
cases in point). 

| have used EasyPlot mostly for two- 
dimensional rectangular and polar plots 
and three-dimensional contour plots. It 
also turns out 3-D mesh plots and multi- 
ple plots on one page, but | have made too 
little use of those two features to comment 
on them. 

EasyPlot plots very quickly to the screen 
on my 386-compatible. The data files 
usually require about 0-5 seconds to read 


in and then the curves appear almost in- 
stantly on the screen. Hard copies are 
quickly printed on a PostScript-based QMS 
laserjet printer, but frustratingly slow on 
a Hewlett-Packard Laserjet II (several 
minutes per copy)—and the computer is 
tied up during that time. Laserjet Il uses 
an earlier and less efficient graphics print- 
ing technique than the PostScript-based 
printers do. 

Problems do exist with EasyPlot (some 
may be corrected in future versions—this 
review is based on Version 1 documenta- 
tion and a beta version of the Version 2 
software). For plotting 3-D (xyz) data the x 
and y increments between data points 
must be equal. Values associated with 
contour levels are not automatically 
placed on contour curves, but must be 
moved there by the user. 

Getting a legend to appear is not always 
straightforward. Also, what you see on the 
screen is not always exactly what you get 





on a hard copy since the size of legend 
boxes is relatively larger on the copy than 
on the screen (which sometimes obscures 
portions of curves). 

Error conditions such as running out 
of memory are poorly handled, sometimes 
hanging the machine or leaving it in bizarre 
(to me) graphics modes. The vertical axis 
is called the y axis, but one feature | 
felt to be anti-intuitive is that the depen- 
dent variable (which must be specified 
for legends) is not always y—if the x data 
was listed after the y data in the input file, 
itis x. 

Despite these few minor difficulties, | 
like using EasyPlot and would recommend 
it to anyone looking for a plotting package 
for under $500. Contact: Spiral Software, 
6 Perry St., Suite 2, Brookline, Mass.; 617- 
739-1511. In Europe: Cherwell Scientific 
Publishing Ltd., 27 Park End St., Oxford 
OX11HU, UK; (44+0865) 794 884; fax, 
(44+ 0865) 794 664, or circle 55. 

—Paul G. Elliot 


Paul G. Elliot (M) is a research engineer at 
ARCO Power Technologies Inc., Washington, 
D.C., where his responsibilities include com- 
puter modeling of RF phased-array antennas 
and impedance-matching circuits, electromag- 
netic propagation, and scattering problems. He 


Spectrum selects software for review on the basis of potential interest to the engineer- 
ing community. A review does not imply any form of endorsement or recommendation. 
The opinions expressed by reviewers are their own. 
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Spiral software 


has authored or coauthored 26 engineering 
reports and publications. 


Coordinator: Gadi Kaplan 
































Many alternatives to Spiral Software’s 
EasyPlot package exist—so many, that 
while some were listed in /EEE Spectrum’s 
Focus Report on “Displaying processed 
data’ [November 1990, pp. 86-89], it is not 
surprising that the following were omitted. 
All run on IBM PCs or compatibles and will 
produce a variety of scientific plots. 


GraphicC (US $395). Good-quality graph- 
ics, lots of features; can be programmed 
to do 3-D plots. Site license available. Con- 
sists of subroutines which then require C 
programming to create plotting programs; 
requires C compiler. Scientific Endeavors 
Corp., 508 N. Kentucky St., Kingston, Tenn. 
37763; 615-376-4146. 


Microplots ($299, free demo disk). Will ac- 
cept a wide variety of input data formats 
and very large input data files. Will plot 
multiple plots per page. Will not plot direct- 
ly to a dot-matrix printer unless passing 
data through a word processor. Scientific 
Concepts Inc., 2359 Windy Hill Rd., Suite 
201-J, Marietta, Ga. 30067; 404-438-4181. 


PLOT88: ($299 to $399, depending on com- 
piler used with it). Consists of Fortran or 
C callable plotting routines; provides con- 
tour and 3-D mesh capabilities; many out- 
put devices are supported, as are several 
compilers. Plotworks Inc., 16440 Eagles 
Crest Rd., Ramona, Calif. 92065-9674. 


Graph-in-the-Box ($69). Widely available. 
Low cost, easy to use. Mainly for general 
business use; no 3-D or contour plotting 
capability; x-axis increments between data 
points must be uniform. New England 
Software Inc., 3 Greenwich Office Park, 
Greenwich, Conn. 06831; 203-625-0062. 


Plotz Graphics ($350). Also does data anal- 
ysis; offers an unusual capability—a 
digitizer input which uses plotter as an xy 
digitizer; no mention of, or pictures of, 3- 
D or contour plots in ad. Curtis Technical 
Software Corp., Box 178, Pennington, N.J. 
08534; 609-737-8844. 


Data Graph ($299). Ad shows a variety of 
two-dimensional but no 3-D plots. Mihali- 
sin Association, 600 Honey Run Rd., Am- 
bler, Pa. 19002; 215-646-3814. 


Harvard Graphics ($299). Widely available. 
Easy to use and high-quality graphics; also 
makes very large text for viewgraphs. Line 
plots limited to 240 points per curve, all the 
curves must be in different columns and 
in one data file—cannot also input differ- 
ent curves from different data files; main- 
ly for general business use. Software Pub- 
lishing Corp., 1901 Landings Dr., Box 7210, 
Mountain View, Calif. 94039; 415-962-8910. 


19 





AFDPLUS 


ACTIVE FILTER DESIGN 
Advanced Program for The PC 















































































































































PO Box 3630 ® Boulder, CO 80307-3630 
Phone 303-499-7566 ® Fax 303-499-0877 
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DSP FOR THE 90’S 


SunFilter ™ 


FILTER DESIGN SOFTWARE 
for the Sun 4 
available now! 


Also FDAS™ and MacFilter™ 
for IBM and Macintosh™ 
e IIR & FIR DESIGNS 
¢ PARKS McCLELLAN 
e TRANSFER FUNCTION ANALYSIS 
¢ COEFFICIENT QUANTIZATION 
e INTUITIVELY EASY TO USE 


CODE GENERATORS 


¢ AT&T, ANALOG DEVICES 
¢ MOTOROLA, TEXAS INSTRUMENTS 


HARDWARE 
DEVELOPMENT TOOLS 
DEMOS AVAILABLE 


MOMENTUM DATA SYSTEMS 
1520 NUTMEG PLACE #108 
COSTA MESA, CA 92626 
TEL: (714) 557-6884 
FAX: (714) 557-6969 


MACINTOSH IS A REGISTERED TRADEMARK OF APPLE 
COMPUTER, INC. 
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The neutron 
bomb 


This, in effect, is what the neutron bomb 
is...a bomb by means of which it would 
be possible to kill people but to preserve 
all riches—here it is, the bestial ethics of 
the most aggressive representatives of im- 
perialism.—Nikita Khrushchev, in a speech 
to the Rumanian Party Congress, 1961 


At the height of the Cold War in the late 
1950s, a tremendous amount of research 
was under way to enhance and modernize 
the U.S. nuclear arsenal. The growing per- 
ception of Soviet superiority in convention- 
al arms placed a high priority on the de- 
velopment of new nuclear weapons. The 
most likely scenario was a nuclear conflict 
starting in densely populated Europe, 
devastating most of it in the process. 

Yet when the neutron bomb, a nuclear 
weapon that maximizes damage to people 
but minimizes damage to buildings and 
equipment, was nearing deployment in the 
1970s, the ethical and political repercus- 
sions ignited a firestorm of debate that en- 
gulfed most of the Free World. In the end, 
however, this ultimate weapon has be- 
come a forgotten pawn in a game of glob- 
al politics. 

Since the early 1950s, there have been 
two main weapons in the U.S. nuclear ar- 
senal: atomic and hydrogen bombs. The 
atomic bomb, of the type dropped on 
Nagasaki in 1945, uses a chemical explo- 
sion to compress a core of purified pluto- 
nium, resulting in an uncontrolled fission 
that releases tremendous heat and ener- 
gy. The fission products and by-products 
formed by the radiation produce the lethal 
and long-lived fallout associated with nu- 
clear weapons. 

A hydrogen bomb, on the other hand, 
produces most of its energy by the fusion 
of heavy isotopes of hydrogen, such as 
deuterium and tritium. The energy needed 
to start the fusion reaction is obtained 
when chemical explosives implode a small 
core of fissionable material at the center. 
The energy released is used to compress 
a surrounding layer of hydrogen fuel, caus- 
ing the atoms to fuse together to produce 
helium, energy, and a hail of high-speed 
neutrons. In a typical hydrogen bomb, 
these neutrons are absorbed by a uranium 
casing of fissionable material surrounding 
the device. This causes the casing to fis- 
sion, resulting in an even bigger explosion, 
releasing even more heat and radiation 
and still more fallout. 

In the summer of 1958, Sam Cohen, a 
strategic nuclear weapons analyst at Rand 
Corp., a military think tank in Santa Moni- 
ca, Calif., began investigating the military 
possibilities of large thermonuclear war- 
heads. During his research into the possi- 
ble effects on high-flying bomber crews, 
he became impressed by the high neutron 
release accompanying the fusion reaction. 

He reasoned that if the outer uranium 
casing of ahydrogen bomb were removed, 
the neutrons released would travel great 
distances. Such neutrons would be capa- 
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ble of penetrating relatively well-shielded 
structures with lethal doses and in- 
capacitating the people inside. Since fall- 
out is due primarily to products of the fis- 
sion reactions, removing the outer casing 
would leave only the initial small fission 
reaction, releasing only one-hundredth the 
radiation of acomparable fission weapon. 
Even so, the weapon would emit a large 
percentage of neutrons, making it con- 
siderably more deadly than a standard 
atomic or hydrogen bomb. Thus the en- 
hanced radiation weapon (ERW) or neutron 
bomb was born. 

The concept of a weapon that could kill 
people but leave most structures intact 
had great appeal for some in the armed 
forces and government. When the idea 
was first proposed during the 1960s, the 
Kennedy administration decided against 
building neutron weapons because it 
might jeopardize the nuclear test morato- 
rium that the United States and Soviet 
Union were currently observing. But when 
the Soviet Union broke the moratorium in 
1961, this barrier was removed and by 1962 
the first neutron device had been success- 
fully tested. ERWs became an on-again, 
off-again item until the mid-1970s, when 
the Carter administration proposed 
modernizing the U.S. nuclear arsenal by in- 
stalling neutron warheads on the Lance 
missile and artillery shells planned for 
deployment in Europe. 

There were many who felt that the weap- 
on, because of its relatively small blast 
and fallout, was ideal for use in densely 
populated Europe against a Soviet tank at- 
tack. Such a weapon could penetrate the 
armor of attacking tanks and hardened 
structures, killing the people inside while 
limiting other damage. Others contended 
that deployment of the neutron warhead 
should be kept as a bargaining chip 
against the new Soviet SS-20 missile, seen 

(Continued on p. 22) 
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THE CHINESE UNIVERSITY 
OF 
HONG KONG 


THE CHINESE UNIVERSITY OF HONG KONG (founded 1963) offers 
comprehensive programmes up to PhD level in the Humanities, Bus- 
iness Administration, Science, Medicine, Social Science, Educa- 
tion, Engineering and Architecture. Current student enrolment is 
8,000 full-time equivalent, which will expand to 11,500 by 
1994-95. The University is very active in promoting reearch and 
consultancies and liaising with industry and the business sector 
worldwide. Both English and Chinese are used in teaching and 
administration. 


The Engineering Programme, now with over 700 students is rapidly 
expanding and targeted to evolve into a new Faculty of Engineer- 
ing in 1991. Undergraduate students study under an integrative 
programme which has combined curricula of the Departments of 
Computer Science, Electronic Engineering, Information Engineer- 
ing and Systems Engineering while graduate students specialize 
in areas of their own choice. There are currently over 40 faculty 
members which are expected to double by 1995 as the size of En- 
gineering students reaches the planned 1,800. 


Applications are invited for Senior Lectureships/Lectureships in: 


Department of Systems Engineering (Ref. no. 102/509/2/90) 
Department of Information Engineering (Ref. no. 103/509/2/90) 
Department of Electronic Engineering (Ref. no. 104/509/2/90) 
Department of Computer Science (Ref. no. 105/509/2/90) 

Candidates should possess, apart from good academic qualifica- 


tions, demonstrable teaching and research abiliites as well as in- 
dustrial experience in related areas. Candidates for Senior 
Lectureships should also have strong research/publication records. 
Visiting appointments will also be considered. 


Annual Salary 
Senior Lecturer: HK$435,000 - 584,340 by 8 increments 
Lecturer: HK$279,900 - 317,580 by 2 increments BAR 
HK$336,420 - 467,700 by 7 increments 
(approx. exchange rate: US$1 = HK$7.8; £1 = HK$15.3) 
Grade/level and salary will be commensurate with qualifications 
and experience. 


Conditions of Service 

The University offers a competitive remuneration package. For su- 
perannuable appointment, benefits include long leave with full- 
pay, contributory superannuation scheme (University 15%, appoin- 
tee 5%), medical and dental care, education allowances for chil- 
dren, housing benefit for an appointee with annual salary of 
HK$289,740 or above (with appointee contributing 7.5% of sa- 
lary towards the provision of housing benefits). Appointment may 
also be made on fixed term contract which carries equivalent 
benefits including where appropriate a contract-end gratuity (15% 
of basic salary) in lieu of superannuable benefits. The University 
may also consider more flexible terms for suitable candidates sub- 
ject to mutual agreement. 


Application Procedure 

Send full resume in duplicate, giving full particulars as well as 
names and addresses of 3 referees, together with copies of cer- 
tificates/diplomas, testimonials and recent publications to the 
Personnel Section, The Chinese University of Hong Kong, Shatin, 
Hong Kong. Please quote the appropriate reference number and 
mark ‘‘Recruitment”’ on cover. Enquiries can be directed to the 
Office of Engineering Programme of the University via fax No. 
(852)603 5032. 
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PeakFit 


Quantitative Peak Analysis... 
on your own PC. 
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Introducing PeakFit™ dedicated peak analysis software! Designed 
for anyone who needs to separate peaks or multiple functional 
forms for analysis and calculation, PeakFit gives you the unique 
ability to observe and control algorithm performance on screen, 
iteration by iteration, for fast and accurate determination of the 
best fit for your data. PeakFit’s state-of-the-art tools include: 


¢ Unique graphical visual interaction with data — you control 
the non-linear curve-fitting operation by manipulating the curve 
placement and parameter values right on the screen. 

° Quantitative analysis — areas, centers, amplitudes and widths 
of individual peaks automatically calculated. 

¢ Full numerical review — parameter/fit statistics include stand- 
ard error, confidence limits, F-statistics, residuals, t-values, etc. 


e Extensive built-in equation library — 26 different specialized 
functions, including Gaussian, Lorentzian, Voigt, Pearson VII, 
Symmetric Double Cumulative, even user-defined functions. 


¢ Numerous input/output options — dot matrix, LaserJet”, Post- 
script” printers. SigmaPlot 4.0", Lotus, ASCII and other formats. 

¢ Easy to use — Industry standard mouse-driven interface. 

¢ Applications — Chromatography, Spectroscopy, Electrophoresis, 
Electronics, Pharmacology, Statistical Analysis and Engineering. 


Priced within reach of most research budgets, PeakFit is backed by 
a full money-back guarantee... and one of the strongest support 
staffs in the industry. To find out more about PeakFit or other 
scientific and engineering software from Jandel, just call us: 
1-800-874-1888 (inside U.S.), or 1-415-924-8640 (outside U.S.). 


65 Koch Road * Corte Madera, CA 94925 


Phone: 415-924-8640 FAX: 415-924-2850 
an e In Europe: SchimmelbuschstraSe 25 
D-4006 Erkrath 2 © W.-Germany 
Phone: 0 2104 /3 60 98 ¢ Fax: 0.2104 /3 31 10 





Call for free brochure: 800-874-1888 
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Start with the blazing speed of our DSP32C-based 
ZPB34 DSP processor board, then add the versatility 
of our upgraded DSPlay XL™ code development 
software. The unique combination forms one of the 
most powerful integrated DSP platforms available 
on an IBM® PC or compatible. Simple, painless, 
and powerful. 


Two DSP 
Tools 


ONE 


The ZPB34 features AT&T's 5S0MHz DSP32C floating 
point processor and is available in four standard 


memory configurations from 64KB to 576kB, It’s 


POWERFUL 
DSP 
SOLUTION 








ideal for applications requiring large FFTs, 
execution of complex real-time algorithms, and 
image processing. High-speed buffered serial ports 
are included for interconnections of processing 
boards or connection to our ever-expanding line of 
high-performance analog |/O systems. 


Add power to speed with our improved DSPLay XL 
DSP code generation software. It features a 
menu-driven diagram approach to algorithm 
development and generates standard 
executable code for both AT&T’s DSP32 and 
DSP32C. New version 3.17 includes over 100 
DSP functions, an assembler for user-defined 
blocks, FIR and IIR digital filter design 
routines, and I/O control. 


Put the power of our DSP solutions to work 
for you. For information on our entire line, 
call 4-800-548-6132, or write Burr-Brown 
Corp., P.O. Box 11400, Tucson, AZ 85734. 
DSPlay XL™, Burr-Brown Corp. 

WE®, AT&T Corp. 

IBM®, IBM Corp. 


BURR-BROWN® 
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TableCurve’ 


One step fits 


your X-Y data. 
Automatically. 
In less than 
7 seconds.* 


With TableCurve” finding the best formula to 
fit your data couldn't be simpler...or faster. 


® Flexible Data Input — input from Lotus’; 
dBase’, ASCII and many other file 
formats, or manually from the keyboard. 


= Data Manipulation — smooth data, 
weight data, or apply standard math 
calculations. 


= Curve Fitting — 221 candidate equations 


sine, and user-defined—ranked by best fit 
and interactively displayed. 





Free brochure 

Outside U.S. 
FAX; 415-924-2850 
In Europe: Schimmelbuschstr. 25, D-4006 Erkrath 2, W.-Germany 
Ph: 02104 /3 60 98 « FAX: 0 2104/3 31 10 


221 equations to 


including Gaussian, log-normal, sigmoidal, 
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= Speed* — an 8MHz PC AT, with math 
coprocessor, will process 221 equations 
(50 data points) in 6.8 seconds. 
More powerful systems are much faster. 
= Output — supports most dot-matrix 
and LaserJet’ printers. Output directly 
to SigmaPlot 4.0", Lotus, ASCII, and 
other formats. 
= Quality Interface — pull down menus, 
mouse support and more. 
To find out more about TableCurve or other 
scientific and engineering software from 
Jandel, just give us a call. 


“Microcomputer Tools 
an e for the Scientist” 


= 65 Koch Road » Corte Madera, CA 94925 
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(Continued from p. 20) 
as a threat to the North Atlantic Treaty Or- 
ganization (NATO) forces in Europe. 

Others felt that the neutron bomb would 
make the unthinkable thinkable. The com- 
plete destruction that nuclear weapons 
would bring was the primary deterrent to 
their use. The neutron bomb, on the other 
hand, could conceivably make nuclear war 
more possible by allowing the use of nu- 
clear weapons without inviting wholesale 
devastation of the target, it was argued. 
Military planners might not be as hesitant 
to use neutron weapons as they might a 
standard fission warhead. 

The ensuing political turmoil shook 
NATO to its core. The debate over the 
deployment and use of ERWs was as heat- 
ed in Europe as it was in the United States. 
In 1977, West Germans, realizing their 
country was the most likely battleground 
for such weapons, began hotly debating 
whether or not to allow such weapons on 
their soil. Similar political battles raged in 
other NATO countries. President Carter, 
bowing to domestic and international pres- 
sure, decided in 1978 to defer deployment 
of the weapon, conditional on Soviet re- 
straint in military production and force 
deployments. 

In August 1981, President Reagan fueled 
the political debate again by re-authorizing 
the production of neutron warheads for the 
Lance missile and an 8-inch artillery shell. 
Because of strong opposition from West- 
ern Europe, Reagan ordered all neutron 
weapons to be stored in the United States, 
with the option to deploy overseas in case 
of war. The USSR publicly announced that 
while it, too, had tested neutron weapons, 
there were no plans to deploy them. 

In the meantime, the deployment of neu- 
tron weapons in Europe had become more 
complex as other players joined the game. 
In 1980, France announced that it had test- 
ed aneutron device, and in late 1982, it was 
believed to have begun production. But in 
1986, France announced that it was aban- 
doning the production of neutron weapons 
because of internal and external political 
pressure. 

The current status of neutron weapons 
is something of a mystery, though. The U.S. 
nuclear arsenal is still believed to contain 
some 350 neutron warheads for the Lance 
missile and a similar number of 8-in. ar- 
tillery shells. As the thawing of the Cold 
War makes their primary function— 
defense of Europe against a mechanized 
armor attack—even less likely, the possi- 
bility of their use becomes even more re- 
mote. The current antinuclear climate 
gives little hope that NATO allies would 
ever consent to their use in Europe. 

In addition, the United States confronts 
a two-year-old interruption of tritium 
production at the Savannah River Plant in 
Aiken, S.C., the United States’ sole source 
of tritium production. So the fuel used for 
these warheads will most likely be with- 
drawn and used elsewhere. 


Coordinator: Kevin L. Self 
Consultant: Stan Norris, Natural Resources 
Defense Council 
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Why So Man 
7 Engineers Are 
oing Nowhere. 


















To go anywhere in engineering, cal and business information to papers from sessions worldwide. 
| you have to know what’s goingon —_- your own PC. All without leaving your desk. 
around you. But it’s difficult ad So you can get vital inside And you won't have to spend 
ing the time and resources to go information without hours sifting through 
out and gather the informationso —_ ever going outside. eee, | material that doesn't 
crucial to your success. With access to relate to your work. 
That’s why somanytopengi- — more than 12,000 rel- DIALOG helps you gain 
neers are finding all the informa- evant technical jour- specific, pertinent in- 
tion they need without __ nals, you can formation instantly. So 
leaving easily monitor instead of working to 
their recent develop- get information, you can 
, “© offices. ments and new concentrate on making 
Because all they need is trends in electronics, information work for you. 
DIALOG. energy and materials technolo- You may even be able to start 
Asthe world’s largest online gies. You can even scan the latest today. Check with your company’s 
knowledgebank, DIALOG delivers conference librarian or information center to 
the leading sources see if they're using DIALOG. Or 
of technologi- call the nearest DIALOG regional 


office. Europe: (44-865)730725, 
fax (44-865) 736354; Asia: 
(813)230-1900, fax (813)230-4828; 
North America: inside U.S. 
1(800)334-2564, fax (415)858- 
7069; Outside U.S. (415)858-3785, 
fax (415)858-7069. 






Because when you have all 
the facts, there’s no telling how 
far you'll go. 


DIALOG INFORMATION SERVICES, INC. 
AKnight-Ridder Company is@ 


Bringing you the world’s knowledge. 


© 1990 Dialog Information Services, Inc. 3460 Hillview Avenue, Palo Alto, CA 94304. All rights reserved. DIALOG is a servicemark of Dialog Information Services, Inc., Registered U.S. Patent and Trademark office. 
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Intelligent 
Data 
Acquisition 


System Solutions 
For Data Acquisition 


Onboard Intelligence for 
IBM PC/XT/AT/386 


Microstar’s Data Acquisition 
Processor™ (DAP™) manages the 
entire data acquisition and con- 
trol interface inside a PC. 
Onboard intelligence in the DAP 
speeds development and 
increases performance. 


The DAP can be configured eas- 
ily into a number of instruments, 
including: 

m@ Spectrum Analyzer 

@ Instrument Controller 

m@ Transient Recorder 

@ Digital Signal Processor 

@ Datalogger 


DAPview™ software provides 
interactive control for data acqui- 
sition: 

@ real time graphics 

@ disk logging 

@ pull-down menus 

@ on-line HELP 

@ on-line error handling 


Call for FREE Demo Diskette 
206) 881-4286 


DAP Features: 

@ On board microprocessor: up to 
16 MHz with 512K DRAM 

mw DAP 2400™ with onboard 
digital signal processor: 


20 MHz for 10 MIPS; up to 
96K fast SRAM 

@ Buffers and processes input data 

@ More than 100 commands 
without programming 

m@ Compatible with DAPview, C, 
Pascal, BASIC, FORTRAN, 
Lotus 1-2-3, ASYST, ILS, 
LabWindows 

@ C language custom commands 

@ Acquires analog and digital 
inputs to 235,000 samples/ 
second 

@ Updates analog or digital outputs 
to 250,000 values/second 


Microstar 


LaBoraTORIES™ } 


2863 152nd Ave. N.E., Redmond, WA 98052 
Fax (206) 881-5494 
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First came fog, then 
smog, and now vog 


When avolcano erupts in a fiery fury, resi- 
dents of nearby areas are evacuated from 
the paths of molten lava so they can avoid 
the fate Pompeiians shared in the 1st cen- 
tury. Now vog, or volcanic fog, may be an- 
other reason for people to flee the wrath 
of Pele. 

Since 1986, continuous eruptions from 
the eastern rift of Hawaii’s Kilauea volcano 
have sent streams of lava flowing into the 
ocean, creating explosions of steam and 
a highly acidic plume cloud. 

Vog, a portmanteau word like smog, was 
coined by volcanologists in recent years 
by combining volcano and fog. It is now 
linked to such health problems as bleed- 
ing of the nose and gums and influenza- 
like inflammation. And in the form of nat- 
ural acid rain, it also likely damages the 
environment by increasing the concentra- 
tion of metals in the soil and water. This 
kind of acid rain contains hydrochloric 
acid (whereas industrial acid rain contains 
sulfuric and nitric acids). 

Three researchers, Terrence Gerlach, 
who is now at the U.S. Geological Survey 
(USGS) Branch of Igneous and Geothermal 
Processes in Denver, Colo., James Krum- 
hansl of Sandia National Laboratories’ 





Geochemistry Division in Albuquerque, 
N.M., and Robert Fournier of USGS in 
Menlo Park, Calif., have developed a the- 
ory of how natural acid rain forms. 

Their analysis of the plume revealed it 
to be an acidic brine with 2.5 times the con- 
centration of salts found in seawater plus 
several thousands of times the usual con- 
centrations of aluminum, iron, manganese, 
and silicon. 

Gerlach and Krumhansl believe that 
when seawater meets lava, it is flash-dried 
locally, and the resulting salts react with 
steam to produce hydrochloric acid. The 
steam explosions then blast the brine and 
acid vapor into a plume cloud. 
LEE 


Incorrigible engineerese 


A reader, Leon C. Pickus, wrote to bewail 
the following sample of engineerese: “The 
last receiver began assembly.” 


He commented: “Why isn’t it ‘Assembly 
of the last receiver began’? The faulty con- 
struction must be obvious; the ‘receiver’ is 
hardly capable of assembling itself (or has 
manufacturing technology reached anew 
plateau?).” 

After 35 years of trying to correct such 
awkward statements, Pickus has admitted 
defeat. “The entire engineering world 
seems to be right and I’m wrong (for fight- 
ing it, at least),” he wrote. 

That brings us to the term engineerese. 
The suffix -ese, according to Webster’s 
Ninth New Collegiate Dictionary, when ap- 
pended to the name of a particular place 
or country, refers to a nationality, a native, 
ora language, such as Burmese, Chinese, 
Japanese, or Siamese. (For some reason, 
Asian regions are favored with this suffix.) 

A second definition refers to “speech, 
literary style, or diction peculiar to (a speci- 
fied place, person or group),” usually in 
words applied in a disparaging sense, 
such as journalese. Unlike journalese, 
however, engineerese has not found its 
way into Webster. Surely, it is just a mat- 
ter of time. 
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Engineer: whence thy name? 


In days of yore when knights in shining 
armor rescued fair damsels trapped in cas- 
tle turrets, the 
rescue effort 
probably owed 
more to engi- 
neers who de- 
signed batter- 
ing rams to 
break down for- 
tress gates than 
to the valor of 
the knights. 
Military engi- 
neers later built 
such engines of 
war as cannons 
and armored 
cars, and hence 
the name. 

Leonardo da 
Vinci, the Renaissance artist and scien- 
tist, was also a military engineer. In his 
twenties, he offered his services to con- 
struct field bridges, mortars, and engines. 
Among those of his papers preserved in 
Codice Atlantico, now kept at the Bibliote- 
ca Ambrosiana in Milan, Italy, is a drawing 
of a giant crossbow operated by people 
about a tenth its size. 

Later on, when engineering talent was 
applied to nonmilitary uses, like building 
bridges, roads, and dams, the term “civil 
engineer” was devised to differentiate this 
kind from the military engineers. 

According to Webster’s, an engineer is 
a “person who is trained in or follows as 
a profession a branch of engineering.” En- 
gineering is defined as the “application of 
science and mathematics by which the 
properties of matter and the sources of 
energy in nature are made useful to peo- 
plein structures, machines, products, sys- 
tems, and processes.” 
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In today’s increasingly specialized 
world, the profession has splintered into 
a variety of disciplines: aerospace, bio- 
medical, ceramic, chemical, civil, com- 
puter, electrical, industrial, materials, 
mechanical, mining, nuclear, ocean, tex- 
tile, and so on. Each discipline further sub- 
divides itself into more subspecialties. 

The variety bewilders the mind. And the 
list does not even include “locomotive en- 
gineer” and “sanitary engineer.” 
ee . 








































































































The haves and have-nots 


At what point does a country arrive and 
join the club of industrialized nations? 
Why are some merely “industrializing” and 
not industrialized, such as the four Newly 
Industrializing Countries—South Korea, 
Taiwan, Hong Kong, and Singapore? 

Elsewhere, countries have been con- 
veniently classified as industrialized, com- 
munist, or Third World. Alternatively, they 
have been labeled developed, developing, 
and underdeveloped. 

The World Bank, in its World Develop- 
ment Report 1990, groups economies ac- 
cording to their gross national product 
(GNP) per capita. Instead of the category 
“developing economies” that it used last 
year, the World Bank is using the terms 
low- and middle-income economies. Coun- 
tries with a GNP per capita of US $545 or 
less in 1988 are Jow-income economies, 
while those with a GNP of more than $545 
but less than $2200 are /ower-middle- 
income. And those with a GNP equal to or 
more than $2200 but less than $6000 are 
upper-middle income. Finally, those with 
a GNP of $6000 or more are high-income 
economies. 

By this definition, then, Hong Kong, Is- 
rael, Kuwait, Saudi Arabia, Singapore, and 
the United Arab Emirates—countries (or 
geographical entities) classified either by 
the United Nations or their own govern- 
ments as having developing economies— 
have joined the club. 

The United Nations Developing Program 
(UNDP), a funding agency that works to- 
ward improving agriculture, education, 
health, and technology transfer, uses the 
terms developed, developing, and least de- 
veloped. 

Developed countries are those in West- 
ern Europe and the United States, Cana- 
da, and Japan. The last one to catapult into 
the developed country club was Spain in 
the mid-1970s. Least developed countries 
are those with a GNP per capita of less 
than $200 (for 1990), a low life expectancy 
(where residents rarely reach age 60), and 
a population where less than 20 percent 
have a primary education. Other factors 
such as drought, desertification, a high- 
debt service, and being landlocked are 
taken into account. Developing countries 
make up the balance. Most of UNDP’s 
funds are allocated to the least developed 
countries, 42 in all. 

With the Communist Bloc all but gone, 
the former Eastern Bloc nations will have 
to be reclassified. After some debate, 
UNDP decided that Eastern European 
countries will remain categorized as de- 
veloping countries. 

Coordinator: Katherine T. Chen 
Consultants: Anne Eisenberg, Polytechnic 
University; Pamela McCorduck, writer 
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Experience the power & 
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analysis system. 

- curve fitting, statistics, 
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Lightning fast graphics, powerful data analysis. 
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Originally developed at MIT Lincoln Laboratory. Runs on PCs with 
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memory. Mouse optional. Price: $349. Dealer inquiries welcome. 
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Education In Georgia Has Always Operated On The Principle That 
An Effective Work Force Needs The Right Kind Of Training, 


For the University of Georgia Bulldogs of 
1895, as for generations of students 
before them and since, commitment to a 
goal wasn't something found only on the 
football field. 

The University itself had been the first 
state-chartered educational institution in a 
newly independent nation, its founding in 
1785 having predated even the framing of 
the Constitution. Law and medicine, sci- 
ence and business administration, technol- 
ogy and vocational training had long since 
become part of the state’s academic fabric. 

And, all over Georgia, students were 
emerging from college and univ 


rooms armed with the necessary skills to 
tackle the world. 

‘Today that same kind of commitment still 
permeates Georgia's educational system at 
every level. From the most comprehensive 
educational reform package in U.S. history, 
unanimously passed by the Legislature in 
1985, to a university system with a world- 
wide reputation for pioneering research and 
development. 

Add our innovative Quick Start program, 
designed to provide your new employees 
with free, job-specific training before you 
even open your doors, and it’s not surpris- 
ing that productivity rates for Georgia work- 


ers are well above the national average. In fact, 
it might be more surprising if they weren't. 

Just write on your letterhead or send your 
business card to Charlie Gatlin, Georgia 
Department of Industry, Trade & Tourism, 
Dept. IEE , RO. Box 1776, Atlanta, 
30301. Or call us at 404-656-9306. And 
learn more about Georgia’s trained work 
force. 

You'll find that we're still turning out grad- 
uates who know how to run with the ball. 


GEORGIA 
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ll salespeople tell their customers that their com- 
pany’s products and services are of the highest 


Toward higher quality 
quality. All chief executive officers wish they were 


A right. 


One executive who can be sure his firm’s salespeople are 
right most of the time is Motorola Inc.’s chairman Robert 
Galvin. Motorola was the first major corporation to win the 
Malcolm Baldrige National Quality Award, a recognition 
the U.S. Department of Commerce initially bestowed in 1988. 

Those of us who worked for component manufacturers 
that were suppliers to Motorola were hardly surprised at the 
award. Quality is not a new concern for the company. Even 
in the 1950s the consumer electronics division at Motorola 
was known as the toughest taskmaster on incoming inspec- 
tion and quality levels. The company was one of the first 
to inspect and monitor production lines of its suppliers. In- 
deed, a visit to a supplier by Motorola personnel was antic- 
ipated with some trepidation. 

So when Galvin addressed a Wescon audience last Novem- 
ber, no one was surprised to hear that Motorola has required 
all its suppliers to enter the Baldrige Award competition. 
They don’t all have to win it, said Galvin, but they’ve got 
to try! 

A spokesman from Motorola recently said that when the 
Baldrige competition was announced, the company was 

















More on elegant design 
ecently we commented on the topic of elegant 
design [June 1990, p. 19], by which we meant, 
echoing the words of Webster’s Third, design 
having the qualities of scientific precision, 

neatness, and simplicity. Aren’t there good examples of ele- 
gant electronic design, we asked, and proffered the ferrite- 
core memory, the flip-flop, and the negative-feedback circuit 
as candidates. We also cited examples from other disciplines, 
most of them consumer- 

directed—like the Zippo 

lighter, the Milk-Bone dog 

biscuit, the Oreo cookie, 

and the paper clip. (We 

failed to mention the wheel, 

the axle, Post-it Notes, and 

the stuffed olive.) 

Readers did not disagree 

with our selections and 

added a few of their own, 

like the Simpson 260 mul- 

timeter. We had also nomi- 

nated several candidates 

that were more complex, 

and perhaps therefore inappropriate for the designation “ele- 

gant.” For instance, we included the RCA 630 TV receiver. 

But remember, that set had 30 vacuum tubes, including the 

picture tube. A high performer, perhaps, but was it elegant? 

Readers, rightly or not, followed our lead and nominat- 
ed some fairly complex equipment. But they also included 
products that have outlasted their expected lifetimes. By ex- 
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poised to compete; no unusual efforts were needed because 
of the effective quality-control procedures already in place. 

When Xerox Corp. won the Baldrige Award a year later, 
the situation was different. The company had not been satis- 
fied with its quality levels, Paul A. Allaire, Xerox president 
and chief executive officer said, and had targeted major im- 
provements. It set up goals and procedures and a “‘Nation- 
al Quality Office” to pursue its objectives and, concomitant- 
ly, the Baldrige Award. The cost was significant. Related 
office expenses alone in 1989 approached US $1 million. And 
Xerox now presents quality seminars around the country, 
a practice that stemmed from its winning the Baldrige 
Award. 

We recently heard of a CEO who approached his board 
of directors to gain its approval to mount an effort to im- 
prove quality of the organization’s products and services, 
with an eye toward also entering the Baldrige competition. 
The Board voted its approval, with the proviso that no com- 
pany funds were to be spent in the effort. We think it un- 
likely the company will make much of a dent in quality im- 
provement; nor will they probably be able to even position 
themselves to try for the Baldrige Award. 

Quality comes at a cost. The organization that will not 
pay for quality will not achieve it. And, perhaps, it will not 
survive. 


tension, the New York City subway system might qualify; 
though few would call it elegant, perhaps its design is. Or 
maybe it has lasted simply because it was overdesigned. 

One good question concerns whether most elegant elec- 
tronic designs are intentional or accidental. This raises the 
issue of whether such designs stem from inspiration or sys- 
tematically applied perspiration, or both. Historians of in- 
novation joust with such questions regularly, in a seeming- 
ly impossible attempt to 
characterize the process of 
innovation. 

An exercise left to the 
reader is to judge the fol- 
lowing as to their degree of 
elegance, and then to specu- 
late on the amount of inspi- 
ration brought to each by its 
developers: frequency 
modulation, the push-pull 
amplifier, the triode vacu- 
um tube, the transistor, the 
integrated circuit, the flip- 
flop, negative feedback, 
parity-bit checking, radar, single sideband, the electric-wave 
filter, and the planar process. 

And a final challenge: can you identify an elegant elec- 
tronic development (hardware or software) that was made 
in this decade (1980 to the present)? If you have trouble doing 
so, could it be that elegant designs are more difficult to come 
by as systems grow in complexity? 

—Donald Christiansen 
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A supercomputer 
generated this 
image of the elec- 
tric charge inside a 
silicon crystal. The 
blue sphere is a sin- 
gle oxygen atom; it 
straddles one of the 
silicon bonds in the 
bonding lattice 
represented by the 
yellow-brown honey- 
comb. The white Xs 
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his is JEEE Spectrum’s 18th annual hardware and software 
review. As in the past, we invited technical experts—this year 
in 13 areas—to discuss significant developments and burn- 
ing issues in those areas. Staff editors, in the accompanying 
articles, identify specific technical developments, including 
manufacturers and equipment models where appropriate. 
Among the insights from the experts: 
e “The fact is that Unix-based systems are taking over [the 
desktop computer].’’—Eric E. Schmidt 
e “The increasingly popular concept of ‘software reuse’ will play an even 
larger part in maximizing productivity.’’—Eric Wagner 
¢ In the computer industry, ‘“‘maintenance of heterogeneous environments 
represents a trend toward recognizing and treating service as an important 
profit center.’’—Brad Friedlander 
e “Communications freed from the tether of today’s wired or cellular sys- 
tems will yield an unprecedented level of flexibility.’’—Laurence B. Milstein 
e “High-performance workstations and distributed-processing systems have 
increased the demand for packet networks with improved bit rates and re- 
sponse times.’’—Dipankar Raychaudhuri 
e “Mass producers of semiconductors will have to streamline operations 
to survive in this decade.’’—Shojiro Asai 
e “There must be a reduction of complexity so that users who are intelli- 
gent but not instrumentation gurus can cope with the design, installation, 
operation, and maintenance of the system.’’— Richard D. Thornton 
e “The most important recent development [in industrial electronics] has 
been progress in the creation of microsensors, microactuators, and 
micromachines, all rapidly growing fields.’»— Ren C. Luo 
e “For perhaps the first time in history, the possibility of war is exclusively 
linked to energy issues.’’—Henri Persoz 
e “High-definition systems are core infrastructure technologies that cut 
across many industries.’’—-Wayne C. Luplow 
e “The TGV demonstration provides convincing evidence that high-speed 
rail can be developed beyond the current operational speeds of nearly 300 
km/h.’’—Anthony R. Eastham 
e “The current distress in the aerospace and defense industry may be the 
catalyst, so far lacking, to awaken the U.S. government.’—Robert S. Cooper 
e “As issues involving sustaining life are settled, the concept of quality of 
life is coming to the forefront of biomedical engineering.’’—Charles J. 
Robinson 
Among the many developments noted by Spectrum’s editors: 
¢ General Instrument Corp., San Diego, Calif., shook up the U.S. high- 
definition television race in the United States when it announced its all-digital 
DigiCipher system for transmitting a full HDTV signal in digital format 
over a standard 6-megahertz television channel. 
e By the end of the decade, software systems and tools will bear little resem- 
blance to those in use today. 
e A combination of technical advances in magnetic resonance imaging is 
opening up new horizons for brain surgery. 
e In the European power scene, major developments included the privati- 
zation of British utilities, the takeover of the eastern German antiquated 
power system by three western German utilities, and the Swedish Govern- 
ment’s apparent retreat from a plan to abandon its nuclear power program. 
¢ Computer-integrated manufacturing (CIM), fuzzy logic, and intelligent 
control are all contributing to greater manufacturing flexibility and reduced 
costs. 
¢ Reduced-instruction-set computer (RISC) microprocessors remain con- 
troversial, although they are being applied in interesting ways. 
e Dynamic RAMs are being shipped in volume in 4M-bit sizes; 16M-bit 
DRAMs are being sampled; 64M-bit devices have been demonstrated, and 
256M-bit and even 1G-bit devices are in development. 


Ronald K. Jurgen Issue Editor 




















Pe | Developers of the first 
7 | working 64M-bit DRAM 

chip see it as a testbed 

at | for new circuits and 

Pah A Poca od | fabrication concepts— 

and a demonstration of 

their company’s strength 





Halfway through 1990, Japan’s Hitachi Ltd. surprised the 
semiconductor memory industry by announcing the first 64M- 
bit dynamic random-access memory (DRAM) on a single sili- 
con chip. The company packed 140 million electronic com- 
ponents on a chip measuring 10 by 20 millimeters. 
Hitachi’s feat came at a time when the major memory 
manufacturers had just succeeded in getting 4M-bit DRAMs 
into volume production and were struggling to make 16M-bit 
chips in sample quantities for eager customers. Toshiba, Fuji- 
tsu, and NEC in Japan; Texas Instruments, Motorola, and IBM 
in the United States; Sam- 
sung Electronics in Korea; 
and Siemens in Germany are 
among those actively de- 
veloping 64M-bit devices, but 
production quantities are not 
expected until about 1995, 
with sampling starting per- 
haps a year before then. By 
year-end, only Fujitsu had an- 
nounced an experimental 
64M-bit device, although 
papers on 64M-bit DRAMs 
from Matsushita Electric In- 
dustrial, Mitsubishi Electric, 
and Toshiba are scheduled 
for the International Solid 
State Circuits Conference 
this February. 

Hitachi’s Kiyoo Itoh, who 
has devoted most of his 
professional career to semi- 
conductor memory develop- 
ment, led a group of 30 
researchers and engineers in 
the Central Research Labora- 
tory in Kokubunji, a Tokyo 
suburb. Working steadily for 
about 18 months, they used 
electron-beam lithography to 





slow. The team’s solution was to add acircuit that generates 
the load current with a small control current and keeps the 
generated voltage stable, even under wide load variations, by 
means of feedback. They report that the voltage now stabi- 
lizes 40 times faster. 

The Hitachi researchers also developed a new kind of sense 
circuit to amplify the small voltages that memory cells pro- 
duce on readout. Again, the problem was exacerbated by the 
1.5-V supply; the readout voltage is low and it took time to 
build up an adequate signal. The new sensor circuit reduces 
the load on acell and allows the signal voltage to be lower. 
The circuit reduces access time by 20 nanoseconds. 

The combined circuit innovations gave the 64M-bit mem- 
ory an access time of only 50 ns and power consumption of 
only 44 milliwatts. The access time is as good as, or better 
than, that of Hitachi’s 16M-bit chip, and the power consump- 
tion is one-tenth that of the older device, according to Hitachi 
engineers. 

Itoh recalls that amajor problem he and his team encoun- 
tered was depositing a reliable dielectric film for the memo- 
ry cell capacitor. “The as-deposited tantalum pentoxide film 
turned out to have a large leakage current when the effective 
thickness, in terms of an electrically equivalent silicon diox- 
ide film, was less than 3 nanometers. We developed a two- 
step annealing method to re- 
duce the leakage current: an- 
nealing at 300 °C in ozone 
with ultraviolet irradiation, 
then dry-oxygen annealing at 
800 °C.” The team found that 
the annealed 3-nm filmhasa 
low leakage current as well 
as low defect density. 

Another obstacle was the 
proximity effect in direct- 
writing electron-beam lithog- 
raphy: some electrons recoil 
at the surface under the re- 
sist and thereby change the 
size of the lithographic pat- 
tern. The Itoh team devel- 
oped acorrection method in 
which they classified pat- 
terns by size and adjusted 
electron-beam exposure ac- 
cordingly; they were thus 
able to etch the fine detail of 
a 64M-bit chip with the 
necessary accuracy. 

Criticism of Hitachi’s an- 
nouncement has not been 
lacking. Competitors con- 
tend that the announcement 
was premature, that only two- 
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define the fine, 0.3-micro- 
meter-line CMOS circuits 


The prototype 64M-bit memory chip holds well over 100 com- 
ponents in its fingernail-size area. Its mass production for 
such products as notebook computers is expected in four 


thirds of the cells actually 
functioned. Moreover, the 





they needed. They shrank the 
size of the multilayer- 
capacitor memory cells to 1.3 
square micrometers by using tantalum oxide as the dielec- 
tric instead of the usual silicon djoxide. (By way of compari- 
son, today’s 4M-bit DRAMs have 0.7-um lines and about 8-u~m? 
cells.) 


years. 


Problems solved 

Itoh and his team are especially proud that their DRAM 
operates directly from a 1.5-V supply instead of the 3 or 5 V 
of smaller DRAMs. The low voltage, although ideal for porta- 
ble, battery-powered computers, tends to become unstable 
in a64M-bit chip, which presents four times the capacitive 
load of a 16M-bit chip. The rise time of the required current 
into the required load was so long that the generated voltage 
fluctuated wildly and memory access became hopelessly 


George Watson Senior Editor 








three-year interval between 
DRAM generations is fixed 
by economics, not by tech- 
nology, many believe; manufacturers need that time to pay 
for the R&D and tooling that went into the previous genera- 
tion before they introduce a new one. 


Criticism discounted 

Hitachi engineers, for their part, have no doubts about 
the validity of their demonstration. ‘We are at the first step 
on the long way to production,” Itoh told /EEE Spectrum. 
“Our prime concern at the first step is not only to make 
the first 64M-bit chip but also to try out many new concepts. 
Therefore our experimental chip was designed as a feasibil- 
ity study. The quality of our chip is high enough to check feasi- 
bility.” 

Hitachi expects to go into volume production of its 64M- 
bit DRAM in 1995. Sample quantities will be available “a few 
years” before volume production, the company says. & 
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The Hubble Space Tele- 
scope’s main mirror, 
stabilization system, 
and high-gain transmis- 
sion antennas required 
engineering at a distance 
to compensate for flaws 


Pty. 
EVENT 





The front-page engineering story last year was the plight of 
the Hubble Space Telescope. Launched on April 25 into a 610- 
kilometer-high orbit, the US $2.5 billion spacecraft was to have 
been the most precise observatory ever built. 

But on orbit the nightmare began. First, aloop of cable on 
one of the two high-gain communications antennas turned 
out to be improperly tied to the antenna’s mast, limiting the 
time during which the antenna could transmit data back to 
earth. Next, the solar panels vibrated for 3-6 minutes each 
time the spacecraft passed into or out of sunlight, throwing 
off the sensors fixing the 
telescope on a guide star and 
disrupting the observation in 
progress. Worst of all, the 
telescope’s 2.4-meter-diam- 
eter (94-inch) main mirror was 
found to have been ground 
and polished to the wrong 
shape and thus is unable to 
focus an image. 

The first press reports 
reflected the astronomical 
experimenters’ woes. Quotes 
were published claiming that 
over half the observations 
planned by the wide field and 
planetary camera (WFIPC, an YG Deployment arm 
acronym pronounced “wif- (Cs / 
pic”) were now impossible— ao! 
including the planned “pret- 
ty pictures” of planets, galax- 
ies, and other celestial 
objects. 

Engineers at the National 
Aeronautics and Space Ad- 




















fainter—than specified. The dimming of the telescope’s vi- 
sion cripples astronomical observations of very faint objects. 

Still, with bright objects the telescope’s resolution meets 
the original specifications. Depending on the experiment and 
the instrument, image exposure times must be increased by 
1.5-6 times to regain the intended signal-to-noise ratio. “This 
is the opposite of what’s generally reported,” said Ed Weil- 
er, Hubble Space Telescope project scientist at NASA head- 
quarters, Washington, D.C. 

To enhance resolution, the NASA engineers have called on 
image processing. Using a mathematical technique devel- 
oped in 1974 by L.B. Lucy of the European Southern Obser- 
vatory, headquartered in Garching, Germany, they remove the 
fuzzy halos around the stars in unprocessed images, leaving 
only the bright cores. Even though the processed images are 
not of the same quality as those produced by proper optics, 
they already have led to some new astronomical discoveries 
and even such “pretty pictures” as the first observations of 
expanding gaseous rings around exploding stars and sever- 
al spectacular views of the planet Saturn. 

To compensate for the aberration in the main mirror over 
the long term, NASA is modifying the curvature or “prescrip- 
tion” of the lenses of an already planned second wide field 
and planetary camera (WF/PC-2), scheduled to replace the 
current one during a routine 
maintenance mission in 
1993. 

The most challenging 
problem now is damping the 
jitter that vibrates the space- 
craft each time it passes into 
or out of the earth’s shadow. 
The worst vibration has a 
period of about 10 seconds, 
or a frequency of 0.1 hertz. 

In October, investigators at 
NASA and Lockheed upload- 
ed software that would sense 
the onset of vibrations and 
create countervailing mo- 
tions of the spacecraft’s gy- 
roscopes and flywheel-like 
reaction wheels to damp the 
jitter. Although the initial fix 
reduced the 0.1-Hz jitter thir- 
tyfold, it caused the comput- 
er to command the reaction 
wheels to spin too fast, and 
created higher-frequency 


Lockheed Missiles & Space Co. 


Hubble solar panel 





Bi-stem 


ministration (NASA), the 
Space Telescope Science In- 
stitute (STScil), Baltimore, 
Md., and Lockheed Missiles 
& Space Co. Inc., Sunnyvale, 
Calif., the prime contractor, 
along with many of the prin- 
cipal astronomical investiga- 
tors, rallied in emergency 
sessions to see what could 
be salvaged. 

The antenna problem was 





Bi-stem 
cassette 
Spreader bar 


The Hubble Space Telescope’s solar panels begin vibrating 
whenever the spacecraft crosses from sunlight to shadowin 
its 90-minute orbit around the earth. Thermal stresses in the 
long, thin, flexible support arms (bi-stems) that helped un- 
furl the solar-cell arrays are believed to be the cause. The bi- 
stems are formed from two flexible, semicircular ribbons that 
slide together as they extend from their storage cassette. 


vibrations. Programmers 
were to have tried a modified 
software fix by the end of De- 
cember. A permanent reme- 
dy under consideration is 
changing the solar panels, 
perhaps during the 1993 
maintenance mission. 
Worse yet, because the 
fine-guidance sensors are 
less sensitive than required 
by the specifications, the jit- 
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relatively easy to fix. In late 

May, engineers uploaded a revised software patch that al- 
lowed separate control for each side of both high-gain anten- 
nas. According to NASA experts, now the antenna’s only con- 
straint on the telescope will be a little less flexibility in 
scheduling transmissions or observations requiring real-time 
control. 


Prime focus 


The mirror’s blurry vision has been more of a challenge. 
Since the spherical aberration prevents the light from being 
brought to a sharp focus, every image is larger—and thus 


Trudy E. Bell Senior Editor 


ter sometimes prevents the 
telescope from maintaining fine lock on faint guide stars for 
the highest-resolution imaging. The condition makes it harder 
to tell how far off from a faint guide star the telescope is point- 
ed. And during day-night jitter, the guide star may be lost and 
not readily reacquired. 

On brighter stars, or in the guiding mode known as coarse 
track, however, the fine-guidance sensors perform better 
than specifications. All images so far have been obtained 
in coarse track. If the fine-lock problem cannot be solved, 
it will limit the number of objects the wide field and pla- 
netary camera can study. Engineers .are fine-tuning the 
alignment of the secondary mirror and modifying flight 
software. A 
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PCs AND WORKSTATIONS 


Laptops, notebooks lead in growth 

RISC computers break US $5000 barrier 
PC plug-in offers workstation graphics 
Floppy-disk drives top 20 Mbytes formatted 


Keeping track of the many new workstations and desktop, lap- 
top, and notebook personal computers that were unveiled last 
year was no easy chore. Power went up, up, up, while size came 
down, down, down, until the power of desktop computers was 
being crammed into the smallest machines. 

The boundaries everywhere were becoming difficult to define. 
Indeed, the distinction between the engineering workstation and 
even the laptop PC was blurred even further by a laptop Tokyo’s 
Toshiba Corp. deemed powerful enough to be billed as an en- 
gineering workstation. And the Sparc LT, AS1000/L10 became 
the first laptop to be based on a reduced-instruction-set com- 
puter (RISC)—through Sparc architecture developed by Sun 
Microsystems Inc., Mountainview, Calif. 

Those who need to do finite-element analysis while traveling 
might want to consider the rather weighty 17.7-pound (8- 
kilogram) machine introduced last year. It features a worksta- 
tion speed of 13.2 million instructions per second (MIPS), as well 
as 8M bytes of memory, a 180-megabyte hard-disk drive, an active- 
matrix monochrome liquid-crystal display of 1152 by 900 pixels, 
and a 3.5-inch floppy-disk drive. However, it is still sold only in 
Japan for 1 980 000 yen (about US $15 000). 

This was just one of a continuous merry-go-round of new prod- 
uct introductions. Included were many other laptops, as well as 
notebook-size machines. Together, laptops and notebooks com- 
posed the fastest growing segment of the personal computer mar- 
ketplace. 

For example, while all PCs sold through computer specialty 
stores in the United States increased at a modest 4.1 percent, to 
2.2 million units for the first nine months of 1990 compared to 
1989, laptops and notebooks leaped 60 percent, to 223 000 units, 
according to Egil Juliessen, chairman of Computer Intelligence, 
a market researcher in La Jolla, Calif. 

Other notable announcements included a broad range of en- 
gineering workstations unveiled by Sun Microsystems. Among 
them was a diskless, Sparc-based machine for under $5000, a price 
that edged the machine closer to PC prices. Also, IBM Corp. 
brought forth its second entry into the workstation market, the 
new RISCSystem/6000, and Hewlett-Packard Co., Palo Alto, 
Calif., showed its first workstations in a merged HP/ Apollo 
line—the HP Apollo 9000 Series 400 family. 

Peripherals also spurred great activity. Hard-disk drives con- 
tinued to get smaller while growing in capacity, and floppy disks 
jumped up to the “superfloppy” arena with an order-of- 
magnitude boost in storage capacity. And IC memory cards were 
on the verge of making their mark as replacements for rotating 
magnetic-disk memory. 


Powerful RISC 


IBM’s RISC entries, introduced last February, comprised a fa- 
mily of four workstations and five servers. The company claimed 
several technical innovations for the Unix-based family, as well 
as for the industry’s most powerful desktop workstation, the 
Powerstation 320, capable of 27.5 MIPS. 

Power, an acronym for Performance Enhanced Optimization 


Alfred Rosenblatt Technical Editor 
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With Enhanced RISC, refers to IBM’s second-generation RISC 
technology. This superscalar architecture separates the processor 
into three independent functional units—branch, fixed-point, and 
floating-point—that permit concurrent execution of multiple in- 
structions. 

Other noteworthy pieces of hardware announced by IBM in- 
cluded 3.5-in., 320-Mbyte and 5.25-in., 857-Mbyte hard-disk 
drives—with fast average seek times of 12.5 and 11.2 milliseconds, 
respectively—and a 32-bit Micro Channel bus supporting data 
rates of up to 40 Mbytes per second. The line also includes a “‘su- 
pergraphics” workstation, the Powerstation 730, which matches 
speeds of 34.5 MIPS and 10.9 million floating-point operations 
per second (Mflops) with graphics performance of almost | mil- 
lion three-dimensional vector transformations per second. The 
price of a Powerstation system starts at $12 995. 

Plans were also under way to port Catia, IBM’s highly regarded 
flagship computer-aided design/computer-aided manufacturing 
(CAD/CAM) and computer-aided engineering (CAE) software, 
to the System/6000 workstations. “When software support ramps 
up, the family will have a significant effect on the workstation 
industry,” Bruce L. Jenkins, vice president at Daratech Inc., a 
market research firm in Cambridge, Mass., told JEEE Spectrum. 





ERIC E. SCHMIDT: 
EXPERT OPINION 


‘The fact is that Unix-based sys- 
tems are taking over.’ 


It’s trendy to say that the line be- 
tween PCs and workstations is blur- 
ring. The fact is that Unix-based 

“ systems are taking over, and by the 
end of the 1990s, the market will clearly distinguish between two 
types of desktop computers: those that run DOS and those that 
run Unix. DOS machines will be purchased primarily as single- 
user systems for stand-alone applications. And in the long run, 
the only single-user machines —the only DOS machines—will 
be in people’s homes. 

Why is this? Because distributed, networked computing is pro- 
foundly changing corporations. People are inherently networked: 
we inherently need to communicate with each other. And net- 
worked applications need Unix-based solutions, because Unix 
is the only multitasking, multi-user, multivendor operating sys- 
tem available today. It is the only choice for the next generation 
of distributed applications 

In short, Unix is the closest thing the industry has to an open 
standard. Because AT&T Bell Laboratories made it freely availa- 
ble in source form in the 1970s, nearly all systems companies— 
including such major players as IBM, Apple, Intel, Hewlett- 
Packard, Sun Microsystems, Digital Equipment, Olivetti, Fujit- 
su, and Unisys—either base themselves on Unix or offer a form 
of it. 
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Sales for the workstation market should have reached $6.5 bil- 
lion in 1990 and are expected to climb to $20 billion in 1995, ac- 
cording to Bill Ablondi, vice president for new desktop strate- 
gies at market researcher BIS CAP International in Norwell, 
Mass. He also noted that as many as 60 percent of total desktop 
systems, which includes PCs and peripherals along with work- 
stations, are actually upgrades and replacements; new purchases 
(from scratch) represent the rest. Ablondi expects the upgrades 
to capture from 75 percent to 80 percent of sales in 1993. 


Edging into PC territory 


Also in the workstation arena, the past year saw Sun Micro- 
systems lay the groundwork for a push into the commercial mar- 
ket where IBM PCs and PC-compatibles are entrenched. 

Sun broke the $5000 RISC workstation barrier in mid-May 
when it unveiled major additions to its Sparc family of worksta- 
tions and servers. The barrier breaker is the diskless Sparcsta- 
tion SLC, a 12.5-MIPS, 1.2-MFLOPS, and 7.6-SPECmarks ma- 
chine for $4995. Resolution of its 17-in. monochrome display is 
1152 by 900 pixels. 

Sun breached another obstacle last year—the $10 000 barrier 
for color RISC workstations—and took a shot at a market seg- 
ment dominated by DOS-based machines. The $9995, 15.8-MIPS 
Sparcstation IPC includes a 207-Mbyte hard-disk drive and a 
DOS-compatible, 3.5-in. floppy drive. 

At the mid-range of Sun’s line was the Sparcstation 470, a 22- 
MIPS, 3.8-MFLOPS, 17.6-Specmarks server with up to 10 giga- 
bytes of storage at an entry price of $59 900. The server is meant 
both as a file or database server for commercial environments 
and as a computational engine for technical environments. The 
system is also available in a workstation configuration for 2-D 
and 3-D graphics applications. 

According to Sun, more than 2000 products from third-party 
software houses had been developed for its Sparc systems—a 
fourfold increase in a year’s time. This was more software than 
was available for all other RISC/Unix workstations combined, 


Unix is available on all PCs today in one form or another. Within 
five years, all high-end 386 and 486 PCs will be running Unix with 
DOS emulation. When this occurs, the final “dumb terminal” ap- 
plications will disappear. Will this be the death knell of the 
minicomputer? And mainframes? They won’t go away: they’Il be- 
come servers. We'll just stop using them with dumb terminals. 

The other operating system in contention (more or less) is 
OS/2. Though OS/2 provides multitasking, it is still a single-user 
operating system. It will have some following because of the ex- 
isting installed base of DOS applications. However, users are 
looking for open solutions—and OS/2 is not open, especially not 
since IBM recently took back primary control over it. The result- 
ing perception of OS/2 as a proprietary solution will stunt its 
growth and limit it to the derivative market of DOS applications. 

Besides pointing to the “threat” of OS/2, Unix foes have 
brought up other arguments. But they just are not valid anymore. 
For example: 

MYTH: the Unix market is splintered. 

FACT: we are down to two choices: Unix System V Release 4 and 
OSF/1. All the major computer companies have endorsed one 
or the other. OSF/1’s sponsors say that it will be interopera- 
ble with SVR4, giving us as close to a single standard as pos- 
sible without having a monopoly. 

MYTH: there are no Unix applications programs. 

FACT: the leading PC software applications—Lotus 1-2-3, Word- 
Perfect, dBase, Ventura Publisher—are ported, or are in the 
process of being ported, to Unix. The combination of these 
applications and new distribution mechanisms based on 
compact-disk ROM (CD-ROM) will trigger an explosion in Unix 
use by former DOS users. CD-ROM is inexpensive and easy 
to use and stores up to 644 megabytes of information, mak- 
ing it a much more effective software distribution medium 
than floppy disks. 

MYTH: Unix is hard to use. 
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the company asserted. 

But Sun was not the only Unix workstation vendor to lower 
its prices to the PC level. There was NeXT Computer Inc., Red- 
wood City, Calif. Its NeXTstation computer featured 15-MIPS 
performance, a 68040 microprocessor, a graphical user interface, 
and a list price of $4995. This machine as well as a pair of color 
versions and an expandable high-end machine that can be used 
as a network server or desktop were the company’s follow-on 
products to the highly touted, but not very successful, NeXT cube- 
shaped computer introduced in 1988 as a developers’ and edu- 
cation machine. 

At the introduction of the new computers last September, 
NeXT Computer Inc., started by Apple Computer founder Steve 
Jobs, claimed to have already received 15 000 orders for the under- 
$5000 machine. Among the machine’s assets are a graphical user 
interface that simplifies things for the user, an object-oriented 
development environment that simplifies things for the software 
developer creating applications having graphical user interfaces, 
and strong multimedia capability. 

Hewlett-Packard also had a new computer for below $5,000. 
Its entry-level desktop 12-MIPS Model 400d1 lists for $4990 and 
is upgradable to 20 MIPS by substituting a 68040 for a 68030. 
Other new HP machines reach to 26 MIPS. All run both the Do- 
main/OS of Apollo and HP-UX from Hewlett-Packard, which, 
in turn, are both fully compatible with AT&T’s Unix system. HP 
also announced a new graphics family, the HP Apollo 9000 VRX. 

The industry was also seeing the fruits of Sparc’s being made 
an open system. Around 20 Sparc-compatible computers were 
shown off at the Comdex Show in Las Vegas in November, priced 
from $4000 to $10 000. These came from personal computer, rath- 
er than workstation, manufacturers, and have the manufactur- 
ing and distribution channels, pointed out Laura Segervall, an 
industry analyst of the workstation market at Dataquest Inc., 
Santa Clara, Calif. She noted that the units are being sold now 
as a hardware solution, rather than a system solution. Most will 
not be shipped until later this year. 


FACT: Sun and other companies have created graphical user in- 
terfaces like Open Look that conceal the complexity of Unix, 
making it easier to install and use. DOS, of course, has been 
easier to use because it does rather little. It has no function- 
ality, so it is not complicated. 

MYTH: Unix will always be outdistanced by Macintosh OS and 
DOS. 

FACT: although they currently have a larger market share, Unix 
is catching up. According to Unix International, Unix has more 
than 10 million users worldwide as well as the highest growth 
rate. There will surely be more than a million Sparc/Unix seats 
alone within the next few years, translating to more market 
opportunity for software developers and more innovative so- 
lutions for end users. 

MYTH: Unix systems are too expensive. 

FACT: a comparably equipped high-end PC now costs more than 
a Sun SparcStation, which unlike a PC comes standard with 
such useful features as Ethernet connection, large memory, 
and a monitor. And the cost of Unix systems will continue to 
drop. Unix is synonymous with “open,” which is one reason 
why Unix—and the accompanying open systems 
movement—are revolutionizing the computer industry. The 
amazing events of the past year, with long-time proprietary 
vendors being pushed onto the open systems bandwagon, 
will only ensure Unix’s ascendancy. 


Eric E. Schmidt (M) is vice president, General Systems Group, at Sun 
Microsystems Inc., Mountain View, Calif. His group is responsible for the 
development and marketing of the company’s high-end Unix workstations 
and servers. Prior to joining Sun, Schmidt was a member of the research 
staff at the Computer Science Lab at Xerox Palo Alto Research Center. 
He also held positions at Bell Laboratories and Zilog. He received a B.S. 
in electrical engineering from Princeton University, Princeton, N.J., and 
a Master’s in electrical engineering and a Ph.D. in computer science from 
the University of California, Berkeley. 
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As workstation performance and distributed network comput- 
ing both increased dramatically in the last several years, a widen- 
ing gap developed between the workstations’ processing power 
and the input/output performance of conventional Unix network 
servers. The result of that split is that requirements in I/O- 
intensive environments for file, database, communications, and 
computation servers cannot be met by these conventional file serv- 
ers, according to Bruce Nelson, who is in charge of strategic plan- 
ning for Auspex Systems Inc., Santa Clara, Calif. Generally, con- 
ventional servers have been high-end workstations or PCs or more 
expensive minis or mainframes—all retrofitted to perform the 
server function. 

Thus, a new kind of network server established itself last year, 
one built around multiple processors and software tailored for 
the server application. Auspex, for example, has chosen to con- 
centrate on Unix file and network servers, while NetFrame Sys- 
tems Inc., Santa Clara, Calif., focuses on database servers for IBM 
PCs and compatibles. Auspex’s NS 5000 server distributes net- 
work, file, and storage functions to dedicated processors—up to 
ten 68020-based processor boards for Ethernet, file, storage, and 
host processing. The server, with a starting price of $114 950, sup- 
ports up to 100 diskless or about 200 dataless clients on eight 
Ethernets. A system supporting 100 clients costs about $2600 per 
seat, according to Auspex. 


More powerful notebooks 


In personal computers, one machine that attracted much at- 
tention when introduced last October was a 7.5-lb (3.4-kg) note- 
book computer from Compaq Computer Corp., Houston, Texas. 
It was built around a 20-MHz Intel 386SX microprocessor—the 
kind of central processor found in workstations and high-end 
desktops. The Compaq LTE 3286s/20 includes cache memory, 
a liquid-crystal VGA display, 
and 2.5-in. hard- and 3.5-in. 
floppy-disk drives. 










tems Division unveiled two of its most powerful personal 
computer systems, both high-end models incorporating Santa 
Clara, Calif.—based Intel Corp.’s 80486 microprocessor. At the 
same time, the company ended speculation about the next desk- 
top computer graphics format by announcing a new high- 
performance graphics subsystem, the Extended Graphics Array 
(XGA). 

Also included in that extensive product introduction were four 
other new PS/2 computers with more fixed-disk storage and per- 
formance, tape and disk drives, add-in display and memory cards, 
and a system enclosure for the peripherals. In addition, smaller 
(in memory) and faster releases of the OS/2 operating system 
were introduced. The systems all have a Small Computer System 
Interface (SCSI) through which seven peripherals—such as fixed 
disks, compact-disk read-only memory (CD-ROM) drives or tape 
backup—can be installed. 

At the core of the new high-end machines—the desktop Model 
90 XP 486 and the tower-style Model 95 XP 486 local-area- 
network file server—is a 33-MHz, Intel 80486 microprocessor. 
Instead of sitting on the motherboard, the central processor and 
its companion memory controller and memory cache option are 
on a plug-in board. This permits upgrades (of a 25-MHz machine, 
for example) via a simple board swap in what IBM calls its XP 
(Extendable Processor) system. 

According to IBM, the two high-end machines are up to 2.5 
times faster than the PS/2’s older floor-standing Model 80-A31. 
Key elements in boosting performance are a hefty 256K-byte, 32- 
bit static RAM cache; dual 64-bit-wide memory paths; dual 64- 
bit-wide input/output controllers; high-speed disk caching; and 
a high-performance implementation of the Micro Channel ar- 
chitecture bus. 

IBM’s new XGA graphics subsystem handles resolution in the 
workstation range of 1024 by 
768 pixels and supports 256 
colors. This amounts to far 


RISC at 50 MIPS — 


The Model 60, at a suggest- 
ed list of $6999, sported a 60- 
Mbyte hard-disk drive, while the 
$6499 Model 30 had a 30-Mbyte 
hard drive. Also available is a 
$1499 expansion unit that pro- 
vides full 386SX desktop capa- 
bilities via a 14-in. VGA color 
monitor and an enhanced full- 
size keyboard. 

Hardly had the news of this 
dandy been digested than Texas 
Instruments Inc., Dallas, about 
a week later brought forth its 
TravelMate 3000, a notebook 
computer that also features the 


KEY Microprocessors—_ 


CiSC=complex-instruction-set computer 
RISC =reduced-instruction-set computer 
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CISC at 2 MIPS 
1/0 performance gap 


Network servers 


1986 1991 


Source: Auspex Systems Inc. 


An I/O performance gap has arisen in distributed computing net- 
works as processor performance has outstripped the speed of con- 
ventional uniprocessor servers. Filling that gap is a new breed 
of multiprocessor servers made by Auspex Systems and others. 


higher resolution and faster 
graphics than the firm’s 640 by 
480-pixel Video Graphics Array 
(VGA) with its 16-color capabil- 
ity. The higher resolution is 
achieved while maintaining full 
compatibility with earlier IBM 
graphics standards, including 
Color/ Graphics Adapter 
(CGA), Extended/ Enhanced 
Graphics Adapter (EGA), and 
VGA. IBM also offered an 
XGA Display Adapter/A card 
as a $1095 plug-in for 32-bit PS/ 
2 systems. 

At about the same time late 


powerful 20-Mhz 386SX. But at 
5.5 lb (2.5 kg) and $5499 ($5999 
with a 40-Mbyte, rather than a 20-Mbyte, hard disk), the TI note- 
book is lighter and cheaper. 

Last year, the two main PC contenders, IBM Corp. and Apple 
Computer Inc., also tried to expand their market reach by in- 
troducing redesigned computers and lower-priced machines. 
IBM’s PS/1 family aimed at the home computer market. The 
price of Apple’s new Macintosh machines, aimed at business, 
government, and education, as well as the home, was slashed by 
at least half. For example, the new Macintosh Classic incorpo- 
rated many features of the Macintosh SE and carried a suggest- 
ed list of $999, which included a 68000 microprocessor, 7-in. mon- 
itor, IM-byte RAM, and 1.44-Mbyte, 3.5-in. floppy-disk drive. 
And the suggested list price of the color Macintosh LC with a 
68020 chip was slashed 60 percent to $2499. 

IBM was also aggressive in terms of personal computer mar- 
keting, with its most extensive Personal System/2 product rol- 
lout since that family’s introduction in 1987. IBM’s Entry Sys- 
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last October that IBM was mak- 
ing its PS/2 announcements, a 
long-time graphics workstation vendor was entering the PC 
world. Mountain View, Calif.-based Silicon Graphics Inc.’s IRIS- 
vision made its debut, the first real-time 3-D graphics boards for 
PCs with Intel microprocessors. The two-board set is meant for 
8- and 24-bit color on Micro Channel- and AT-based PCs, using 
Intel 386- and 486-based computers. The set supports MS-DOS, 
Open Desktop (from the Santa Cruz Operation Inc. in Califor- 
nia), and Windows 3.0 operating systems. 

In addition, more than 20 PC and workstation software ap- 
plications developers—15 with products already in hand— 
announced their support at the product introduction. This in- 
cluded IBM Corp./Cadam Group, Autodesk, Ithaca Software, 
Pixar, and Wolfram Research. The company hopes to have more 
than 100 software packages written or ported by the first year. 

“TRISvision offers advanced features previously unavailable 
on PCs, such as real-time graphics manipulation,” said Raj 
Parekh, vice president of Silicon Graphics’ Personal Systems Di- 
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vision. 

The boards—available this month in the 
United States, Canada, and Japan, and in 
the spring in Europe and the rest of the Far 
East—support resolutions of 1280 by 1024 
and 1024 by 768 pixels, and is VGA- 
compatible. Suggested retail prices for the 
AT version of IRISvision/8 is $3495 and of 
IRISvision/24, $4995. The price of IRISvi- 
sion/8 for Micro Channel is $3995. 

The boards draw 90 000 3-D vectors, 
14 100 triangles, and 9000 four-sided poly- 
gons per second. Such performance is equal 
to that obtained with a Silicon Graphics Per- 
sonal IRIS workstation selling for about 
$13 500. (The company’s workstations range 
from $10 000 to over $200 000.) The new 
boards, however, unlike the workstations, 
cannot be upgraded to higher performance 
if this becomes desirable. 


HIGHLIGHTS 


Success: Unix-based workstations from several 
vendors fell below US $5000 in price. 
Shortfall: The new breed of Unix-based worksta- 
tion manufacturer might be doing well, but old- 
line computer makers were turning up lots of red 
ink in marketing Unix workstations and large com- 
puters. 

Notable: A plug-in board from Silicon Graphics Inc. 
for IBM PCs and compatibles allowed these 
machines to present the kind of high-resolution, 
two- and three-dimensional graphics that were 
available before only on Unix workstations. 
Newsmaker: NeXT Computer Inc.’s Steve Jobs, 
who, two years after his first Unix computer 
flopped, brought forth a new trio that included an 
under-$5000 Unix machine capable of 15 million 
instructions per second that has multimedia capa- 
bilities and a graphical user interface. On the day 
of its press announcement, he already had ord- 
ers for 15 000, he said. ; 


2.5-inch hard-disk drives 


Small, but high-capacity, hard-disk drives 
also saw a lot of action last year, particularly 
ones aimed at battery-powered notebook 
and laptop portables, and those used in 
emerging noncomputer applications in 
printers and facsimile machines. Quantum 
Corp., Milpitas, Calif., for example, unveiled 
a pair of its Go Drive Series of 2.5-in. units 
that provide 42 and 84 Mbytes of format- 
ted capacity on one and two disks, respec- 
tively. 

As personal computer makers shrink their 
machines, the game is being played out in 
fractions of an inch (or a matter of mil- 
limeters). For example, Quantum’s single- 
platter 42-Mbyte Go Drive is 0.62 in. (16 
mm) high, while its twin-platter 84-Mbyte 
unit is 0.75 in. (19 mm) high. 

But Areal Technology Inc., San Jose, 


Peripherals not idle 


A new class of very high-density flexible, 
or superfloppy, disk drives made their presence felt during the 
year. The 3.5-in. floppy disks store more than 20 Mbytes of for- 
matted data, an order of magnitude more than the 2 MBytes pos- 
sible at the high end of conventional 3.5-in. floppies. Yet they 
are packaged in a standard 1-in.-high, 3.5-in.-wide (2.5 by 9 cm) 
form factor and aim at desktop, portable, and even laptop PCs. 

Insite Peripherals Inc., San Jose, Calif., for example, showed 
off its model I1325VM (variable mode) Floptical disk drive at 
November’s Comdex Show. Insite first showed the drive about 
a year before, but modified it to also read and write to standard 
lower-capacity 1.44-Mbyte and 720-Kbyte diskettes. In addition 
to its use as the primary, or even the only, disk drive in a com- 
puter, the superfloppy could also qualify as a backup medium 
and as an aid for distribution of databases or complex software 
on a single disk, according to Chuck Moran, vice president of 
sales and marketing. 

Indeed, enough interest was generated in the superfloppies—at 
least two other companies, Brier Technology Inc., San Jose, Calif., 
and Citizen America Corp., Santa Monica, Calif., have devel- 
oped their versions as well—that a group of computer makers 
joined with the drive makers in November to try to establish stan- 
dards for the media. In addition, IBM was said to be eyeing the 
superfloppy for use with its PS/2 computers, and was even solicit- 
ing bids. 

Designed to plug and play with SCSI host adapters, the Insite 
unit goes into production next April. In volume, it will sell for 
$325 each, about the same as a 20-MByte, 2.5-in. hard-disk drive, 
pointed out Moran. Arrow Electronics Inc., Melville, N-Y., one 
of the world’s largest electronics distributors, closed a nonexclu- 
sive deal to distribute the drive in the United States, Canada, and 
Puerto Rico. For Arrow, downward read/write capability was par- 
ticularly important because it provides a bridge to existing flop- 
pies and software databases while the industry moves to the su- 
perfloppy’s format. 

A double-gap read/write head allows Insite’s drive to read and 
write lower-capacity diskettes. One gap handles the Flopticals; 
the other gap, the standard diskettes. The Floptical’s very high 
density is achieved by merging optical and magnetic recording 
technologies, including high-density barium ferrite disks, with 
low-cost components developed for compact-disk recording as 
well as for traditional magnetic-diskette drive assemblies. 

Precise tracking of 1250 tracks per inch (490 per centimeter) 
is handled optically via a series of 900 concentric grooves, each 
180 microinches (46 micrometers) wide, stamped into the diskette 
during its manufacture. This optical servo cannot be erased, and 
the media need not be as defect-free as others required for put- 
ting down a magnetic servo track must be. 
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Calif., has a technology that lets it knock 
another millimeter or so off drive height. Its 
MC-2060 is just 0.59 in. (15 mm) high, yet packs 62.9 Mbytes of 
formatted data on a single disk. Areal’s disk is unusual because 
it is made with a glass substrate. ‘These disks are flatter and 
smoother than conventional aluminum-substrate disks,” ex- 
plained Areal’s vice president of engineering, Arnie Thornton. 
This allows the read/write heads of the drive to fly closer to the 
disk’s spinning surface than with conventional disks, fostering 
higher data resolution and lower error rates. 


IC memory cards 


Plug-in IC memory cards got a big boost last year when a stan- 
dard for physical size and data format was agreed upon by the 
PC Memory Card International Association composed of Jap- 
anese and U.S. memory card and computer manufacturers—‘“‘a 
noteworthy event because they came up with a standard before 
a lot of products were on the market,” said Dan Sternglass, presi- 
dent of Databook Inc., Ithaca, N-Y., a manufacturer of the in- 
terface electronics for reading and writing to the cards. The ad- 
vantage of the cards, especially for portable computers, is that 
they draw far less power than does conventional rotating memory. 

Databook introduced its TMB-200-03 ThinCard Drive to ac- 
cept the new memory cards and their format. Poget Computer 
Corp., Sunnyvale, Calif., for one, maker of the Poget PC, a one- 
pound, MS-DOS notebook computer that accepts the memory 
card, said it would distribute the Databook drive through its own 
dealers. 

The drive emulates, and fits into the bay of, a 3.5-in. floppy- 
disk drive. The ThinCard drives are made with any of a variety 
of standard and proprietary interfaces, and allow manufacturers 
to design memory cards into their computers. The drive makes 
it practical to transfer the information from an IC memory card 
in notebook or laptop computers to desktop PC/XT/AT units 
and compatibles. 

The drive supports static RAM cards conforming to the new 
standard, and can program and read the various types of other 
cards that have been developed: one-time programmable; elec- 
trically programmable read-only memory (EPROM); and flash 
EPROM. Although data is stored in a different format in each 
type of memory card, a header is included to tell what chips are 
on the card and how data is organized. 

Capacities of the cards ranges up to a 3M-byte SRAM, a 16M- 
byte ROM, and a 4M-byte flash EPROM. Ten- or 20M-byte cards 
may be available later this year, according to Sternglass, and a 
64M-byte flash memory card is being planned in a venture by Intel 
Corp. and Tokyo’s Fujitsu Ltd. Price of the cards range from 
$60-$80 for a 64k-byte SRAM card to $1200 for a 4M-byte flash 
memory. 5 


35 





TECHNOLOGY 1991 


SOFTWARE 


Unix settles into two camps 

Windows 3.0 keeps DOS alive 

OOPs and CASE get widespread support 
Frameworks work and proliferate 








A decade ago, only a few engineers would have foreseen being 
intricately involved with software by 1990. And nobody would 
have believed a Nostradamus who foretold that, by 1990, Apples 
wouldn’t just be for the teachers, all your Pets would be dead, 
mice would design ICs and computers, and the telephone com- 
pany would extract gold by tapping into your computer operat- 
ing systems. 

So swift is the rate of change that software systems and tools 
10 years from now will bear little resemblance to those in use 
today. Still, the overall direction seems clear: an ongoing battle 
among personal computer operating systems, the rise of object- 
oriented programming, the spread of computer-aided software 
engineering, and the proliferation of frameworks. 

Last year, software wrapped up ever more tasks. Name just 
about any engineering function, and some kind of application 
software is available for it. Nor does it matter if the engineer’s 
computer platform—“‘iron” to some software engineers—is a PC 
or a workstation. 

The operating system and graphical user interface [“Open com- 
puting,” below right] are the key elements of the application en- 
vironment. If an engineeering team chooses the right operating 
system and graphical user interface (GUI)—in other words, those 
that have the necessary functionality and are openly defined as 
well as being widely accepted—then the group can ride the wave 
of applications advances and shoot the computer performance 
curls without wiping out. In the area of operating systems, there 
are three strong candidates from which to choose—OSF/1, Unix 
System V Release 4, and DOS with Windows 3.0—and a fourth 
whose future is not yet clear—OS/2. 


Surf's up 


In October, the Open Software Foundation, of Cambridge, 
Mass., hit the beach on which the Unix International Inc. con- 
sortium, of Parsippany, N.J., had held sway. The three largest 
computer companies—Digital Equipment Corp., IBM Corp., and 
Hewlett-Packard Co.—hung 10 on OSF/1, pledging full support 
of the Unix-like operating system. 

That was a blow to rival Unix System V Release 4 (SVR4), de- 
veloped by AT&T Co.’s Unix Systems Laboratories, Morristown, 
N.J., and Sun Microsystems Inc., Mountain View, Calif. Even 
so, SVR4 gathered still greater momentum in 1990, winning Hyatt 
Hotels Corp.’s US $12 million reservation system overhaul, for 
example. The Hyatt system uses SVR4 to perform on-line trans- 
action processing on reduced-instruction-set computer (RISC) 
workstations from Pyramid Technology Corp., Mountain View, 
Calif. The job had formerly needed an IBM 4381 mainframe. 

New companies extended Unix International’s lengthy roster, 
too. In 1990, Apple Computer Inc., EG&G Idaho, Kyocera Corp., 
and The Mitre Corp. swelled the rolls to over 180 members, join- 
ing Cadence, Cray, Data General, Fujitsu, NCR, NEC, Texas In- 
struments, Toshiba, Unisys, and Xerox, among others. 

Even so, OSF/1 cannot be written off. DEC, HP, and IBM 
command a mighty host of general business installations. Fur- 
ther, they dominate scientific and technology applications: in 
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computer-aided engineering (CAE), DEC’s DEC- and VAXsta- 
tion, HP/Apollo’s workstations, and IBM’s RISC-based System 
6000 are being widely supported with application software, and 
all three companies made important CAE announcements in 
1990. (Sun, of course, also has wide support for its systems in 
CAE and therefore is seen as a threat by the trio.) 

Thus the Big Three’s support of OSF/1 augurs an operating 
environment that will unify all corporate departments: account- 
ing, design, manufacturing, support, facilities management, and 
so forth. In fact, OSF/1 already has SVR4 playing technology 
catch-up. In its first release, OSF/1 will support symmetrical 
multiprocessing and distributed processing, as well as meet the 
B2-level criteria for system security defined by the Defense 
Department’s National Computer Security Center. 

AT&TI’s Unix Systems Labs says it plans to incorporate these 
features from the first half of 1991 on through 1992. Computer 
security was on the minds of many commercial as well as govern- 
ment users, this year, as ever more serious problems with mali- 
cious computer hackers became known. 

In the realm of desktop Unix, the Unix-compatible Xenix of 
Santa Cruz Operation Inc., Santa Cruz, Calif., now dominates 
IBM-compatible PCs, and Apple is headed for SVR4 compati- 
bility. Nonetheless, IBM said last year that it will bring its Unix- 
like AIX into line with OSF/1, and the workstation made by 
NeXT Computer Inc., Redwood, Calif., is inherently compati- 
ble because it uses the Mach OS from Pittsburgh’s Carnegie Mel- 
lon University on which OSF/1 is based. 

But even if the OSF/1 and SVR4 rivals agree upon one version 
of Unix this month (a virtual impossibility), the operating sys- 
tem battle would not be over. Corporate strategies must still take 
into account a DOS revitalized by Windows 3.0. Further, some 
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‘The increasingly popular concept 
of software reuse will play an even 
larger part in maximizing produc- 
tivity.’ 


Vigorous discussion regarding 
standardization of computing en- 
vironments (user interfaces, oper- 
ating systems, and hardware 
resources) characterized 1990. Yet 
instead of consolidation, new graphical user interfaces are ar- 
riving at record pace. While consensus would appear to be desira- 
ble, the need to innovate is irresistible—and standardization is 
often the enemy of innovation. 

A major revolution in graphical user interfaces (GUIs) is in pro- 
cess. Regardless of individual biases toward any one GUI, most 
people have come to agree that using one is better than not using 
one. The convenience of a ready-made user interface versus the 
tedium of reinventing the wheel weighed heavily with many de- 
velopers. But the emergence of many new competing GUls (add 
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contend that OS/2 commitments by IBM | HIGHLIGHTS =——sid with a less memory-hungry yet still high- 
and Microsoft Corp., of Redmond, Wash., HIGHLIGHTS performing system. 


must also be taken seriously, although others 
say its failure to attract substantial applica- 
tion support thus far makes it a non-issue. 


Windows = Win/r 
| ware vendors. 
Windows 3.0 is an undoubted winner. 


From its May arrival through September, 
Microsoft had shipped 800 000 copies of the 
DOS-overlying software, easily outselling 
OS/2 with its Presentation Manager. Ensur- 
ing a warm welcome was a wealth of third- 
party software that made hay with the new 
Windows’ vastly improved graphics. 

Such popularity underlines the preference 
of PC users for an intuitive, productivity- 
enhancing graphical interface like the 
Macintosh’s, not a DOS command line. 
Now that Windows embodies these 
features—long touted as assets by Apple in 
its commercials—Apple has brought the 
prices of its Macintoshes into line with the PC’s. 

But some PC users, notably corporations with 32-bit platform 
environments as well, want to know more about where Windows 
will fit in the OS/2 picture. For though Windows extends the us- 
ability of DOS, DOS remains a 16-bit system, whereas the 32-bit 
OS/2 lets applications address 4G bytes of memory directly and 
thus will forever outstrip DOS-run applications in speed. 

On the other hand, a well-entrenched Unix makes it tough for 
another 32-bit operating system, such as OS/2, to appeal to in- 
dependent software vendors and potential users. They need as- 
surances that, at the least, OS/2 will be well supported, offer con- 
tinuity for DOS/Windows applications, occupy less RAM than 
the first versions of OS/2, and have the device drivers needed 
to fit in a broad range of corporate applications. 

IBM and Microsoft tried to allay those fears as 1990 drew to 
a close. The two companies, which have had difficulty working 
together, said they reached an agreement on supporting OS/2: 
Big Blue is to take care of OS/2 for its platforms, while Microsoft 
ports OS/2 to other systems (it is reportedly talking to MIPS 
Computers, for one). IBM said it will support Windows, OS/2, 
and Unix in its Officevision environment, and Microsoft began 
discussing plans for an interface between Windows and OS/2. 
IBM also unveiled OS/2 release 1.3, gratifying users’ expectations 


Motif, NextStep, OpenWindows, and Windows 3.0 to the list of 
DecWindows, MacMultifinder, Presentation Manager, and the X 
Windows System) means that we may all need to become com- 
fortable with a plethora of at times conflicting standards. 

Additionally, with networking and distributed computing on 
the rise, we will need to be able to conduct our business across 
many different computing environments. The multitude of offer- 
ings will generate not only radical differences among customer 
sites but also, as speedier platforms and foxier GUIs are unveiled, 
ever greater heterogeneity among the computing environments 
at individual sites. 

Over the last year, all these forces helped advance the con- 
cept of open computing—the idea that software should func- 
tion on whatever system the user happens to have. As in the past, 
though, software makers have had difficulty keeping pace with 
the development of new hardware platforms and GUls. In addi- 
tion, users want smarter GUls—and that entails software of 
greater complexity. 

Instead of frustrating the emergence of innovative technolo- 
gies, we should be advancing them through high-level software 
development tools that enable rapid software development 
across heterogeneous environments and so permit expansion 
of productivity in step with hardware innovation. The increas- 
ingly popular concept of software reuse will play an even larger 
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Success: Microsoft Corp. introduced Windows 
3.0, a graphical user interface for |BM-compatible 
personal computers, in May and it was quickly 
accepted, both by users and independent soft- 


Shortfall: In the battle for engineering frameworks, 
Mentor Graphics Corp. was forced to reschedule 
the release of Falcon 8.0 from November to the 
first quarter of 1991, while also delaying its move 
to Sun Microsystems Inc.’s platforms. 

Notable: Major computer companies—among 
them Digital Equipment, Hewlett-Packard, and 
|BM—backed computer-aided software engineer- 
ing and object-oriented programming with new 
products and alliances. 

Newsmakers: Microsoft’s introduction of Win- 
dows, which strained the relationship between it 
and IBM in developing 0S/2, leading to a redefi- 
nition of company responsibilities for OS/2 and 
further hampering its acceptance. 





But does the world need two 32-bit oper- 
ating systems: Unix and OS/2? These days, 
after all, companies can make their PCs 
Unix-compatible, maybe by using Xenix 
software from the Santa Cruz Operation (a 
spinoff of Microsoft, which still retains a 20 
percent interest) or by running DOS appli- 
cations in Unix shells. 

For OS/2 to catch up on Unix-like systems 
in networked corporate environments, it will 
have to, in short order, mature rapidly, offer 
unique and valuable capabilities, and rally 
extensive support from independent soft- 
ware vendors. 

Further darkening the OS/2 outlook are 
Microsoft’s ambitions for Windows as the 
basis for multimedia computing, in which 
video, animation, sound, text, and high- 
quality photographs are seamlessly com- 
bined to teach, sell, and entertain. The mul- 
timedia market has yet to be defined: the debate still rages over 
the best way to combine various media for user friendliness; and 
the first tools for developing multimedia presentations are just 
reaching the hands of potential developers. 

Microsoft also paints a picture in which Windows will link 
information with the programs or tools used to manipulate 
it, so that people can work more efficiently. Take the case of a 
newsletter being put together on a desktop publishing system by 
a graphics artist (among others) who wants to use an airbrush- 
ing tool for a last-minute fix on a photograph already in posi- 
tion on an electronic page. If information and tools were linked, 
the artist could just call the page to the PC screen and, by 
placing a mouse-driven cursor on the photo, start an airbrush 
tool from a pull-down menu. Once the photo is selected by 
the cursor, the system knows what tools can be used to manipu- 
late it. 

For PC users inured to starting an application (such as a text 
editor) before selecting the information to be processed (text), 
this speeds the work enormously. Macintosh users, however, will 
have this capability this year with the release of System 7. And 
while future versions of Windows may incorporate the capabili- 
ty directly, PC users can obtain it today by using NewWave for 
Windows 3.0 introduced by Hewlett-Packard last year. 


part in maximizing productivity by allowing designers to draw 
on finished modules. 

Many organizations have already begun to set up acentral soft- 
ware library or similar central resource. Moreover, developers will 
want to be able to tap quickly into ready-made software build- 
ing blocks, such as advanced menuing systems, advanced graph- 
ics systems, and miniature application libraries. With these 
blocks, they can incorporate entire subsystems with minimal ef- 
fort. If these blocks are completely portable across computing 
systems and GuUls, they will also facilitate rapid and inexpen- 
sive transition to new, or additional, platforms. 

Over the next few years, the growing complexity of software 
development will signal farewell to the development by one or- 
ganization alone of asubstantial application from scratch. The 
most innovative and successful software development will in- 
stead be done by two types of organizations: those capable of 
producing specialized tools and building blocks, and others who 
use those tools and building blocks to create effective applica- 
tions. Only by specializing in one of these areas will companies 
be in a position to compete. 


Eric Wagner is the vice president of product development for Ithaca Soft- 
ware, Alameda, Calif., a vendor of systems for developing interactive 
graphics software for personal computers and workstations. 
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Sony, and Sun platforms, as well as to 386-based 
PCs. 

At the conference, which drew in excess of 2100 
attendees, HP demonstrated C++ compilers 
(running in its CASEdge environment), as did 
Sun Microsystems and Apple Computers. An ex- 
tension of C that incorporates object-oriented 
paradigms, C++ is now the most widely sup- 
ported OOP language. AT&T’s Unix Systems 
Labs took the Oopsla opportunity to announce 
the C+ + Reseller Alliance, an organization that 
intends to do for AT&T’s version of C+ + what 
Unix International is doing for Unix. At its in- 
troduction, the organization had 15 members, in- 
cluding Apple, Sun, the Santa Cruz Operation, 
NCR Corp., Dayton, Ohio, and Solbourne Com- 
puter Inc., Longmont, Calif. Any company that 
licenses or distributes AT&T’s version of the lan- 
guage can become a member free of charge. 

In OOP, C++ has overshadowed Smalltalk 
in the last two years, but now Smalltalk, the first 
object-oriented language, seems to be undergo- 
ing a revival. For example, NCR switched de- 


Brigham and Women's Hospital 





velopment of its Open Architecture Test System 
(a test generation environment launched last 
year) from C+ + to Smalltalk because engineers 
found the latter easier to work with. 

IBM is using Smalltalk/V from Los Angeles’ 
Digitalk Inc. to prototype OS/2 Presentation 
Manager applications and to develop interfaces 
for them. It is developing tools for OS/2 Presen- 
tation Manager jointly with Digitalk. It has also 
signed a licensing agreement with ParcPlace Sys- 








Providing a consistent graphical interface to an application reduces relearning time 
when the computer system is changed to provide higher performance. For exam- 
ple, the analog simulator PSpice appears basically the same to a user whether it 
runs in a Sun environment (top) or on a Macintosh platform (bottom). 


OOP and away 


NewWave’s talent for meshing data and applications in a sin- 
gle entity stems from its developers’ use of object-oriented 
programming (OOP). OOP’s premise is that a program is built 
of objects composed of data and processes. A so-called child ob- 
ject can inherit characteristics from parent objects; for instance, 
a newsletter can be a child that inherits characteristics from four 
parents: a text processor, an illustrator, a photographic manipu- 
lator, and a page-layout parent. 

Object-oriented paradigms are ideal for developing graphical 
user interfaces (GUIs), where data and functions are called and 
activated at the click of a mouse button. Lab Windows, from Na- 
tional Instruments Corp., Austin, Texas, was one of the first tech- 
nical software packages developed using OOP techniques and 
won many hearts in engineering and scientific circles. 

The major computer companies lined up behind OOP en masse 
last October at the Oopsla (Object Oriented Programming: Sys- 
tems, Languages, and Applications) Conference in Ottawa, Cana- 
da. Digital showed its Trellis Object System for programming and 
is supporting Objectivity Inc.’s Object-Oriented Database 
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tems to use Objectworks/Smalltalk Release 4— 
the Mountain View, Calif., company’s version of 
the Smalltalk language—which should be avail- 
able on IBM’s RISC System/6000 next month. 


CASE in point 


The interest in, and availability of, new tools 
for creating OOP software were evident at Oops- 
la, underscoring the new seriousness about 
CASE. Until recently, few outside the program- 
ming sector had heard of CASE—the earliest 
known use of the acronym dates to 1984. How- 
ever, following IBM’s September 1989 unveiling of its AD/Cycle 
strategy for supporting CASE, Wall Street turned its attention 
to defining the market and discovered that it was growing far 
faster than business in the rest of the software industry. 

According to Paul I. Bloom, a vice president at the San Fran- 
cisco investment-banking concern Volpe, Welty & Co., the over- 
all CASE market should double by 1993 to US$ 5 billion from 
last year’s $2.3 billion. In what he defines as the technical CASE 
portion of that market—where companies like Cadre Technolo- 
gies, Interactive Development Environments (IDE), Ready Sys- 
tems, and Integrated Systems are the major players—Bloom 
predicts growth will more than double, from $150 million to $385 
million. 

“The CASE market now appears to have begun traversing the 
steep slope of the ‘S’ curve of new market development, moving 
from the early adopters to broader implementation,” Bloom ob- 
serves. * 

Working to leverage their respective strengths in hardware and 
software, Cadence Design Systems, San Jose, Calif., and Cadre 
Technologies Inc., Providence, R.I., agreed in June to integrate 
their technologies so that software and hardware could be co- 
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developed in a top-down approach and 
easily integrated. (The two have also 
agreed to support Digital’s PowerFrame 
framework.) 

Under its Cooperative Software Pro- 
gram, IBM will market CASE products 
from Atherton Technology Inc., Sun- 
nyvale, Calif. Atherton’s Integrated Pro- 
ject Support Environment (IPSE) consists 
of Software BackPlane—a framework for 
linking CASE tools, data, and method- 
ologies—and the SoftBoard Series—tools 
for front-to-back-end support of software 
development and management. IPSE runs 
under IBM’s AIX and is available on RISC 
System/ 6000 platforms, which are also 
popular in the electronic design automa- 
tion (EDA) market. Atherton also has a 
technology exchange pact with Digital and 
supports the latter’s VMS and Ultrix oper- 
ating systems. 

For now, IBM and Digital are disin- 
terested champions of the CASE ap- 
proach. They are willing to advise cus- 
tomers to adopt CASE and to advocate 
that they use tools from other parties. But 
that could change if either were to acquire 
a CASE operation. 

Other companies—Hewlett-Packard 
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In the object-oriented paradigm, a newslet- 
ter may be considered a child object that in- 
herits functional characteristics from its par- 
ent objects: graphics and text. The latter 
pass along functional characteristics they in 
turn have inherited from photography, illus- 
tration, and type. All these objects would 
be part of the general class, publishing. 


vendors who have joined Mentor’s Open 
Door Program. Among them are Analo- 
gy, EEsof, Meta-Software, Seattle Silicon, 
Synopsis, TSSI, and Vantage Analysis Sys- 
tems. Mentor shares with the Open Door 
Program members the details of its En- 
gineering Design Data Format, so that all 
their tools can exchange data in a closely 
coupled fashion on the HP/Apollo and 
Sun platforms that Mentor is pledged to 
support. However, a month before the 
framework’s scheduled shipping data of 
November, Mentor announced that it will 
slip to the first quarter of 1991, giving its 
competition more of a lead in the race. 
Further, the company’s port of its 
EDA/framework products to Sun work- 
stations has also slipped to the second 
quarter of 1991. Digital and Cadence 
frameworks are already working in mul- 
tiplatform environments. 

The race by these companies to make a 
particular framework an open standard 
parallels the operating system battle. By 
controlling a standard, a group can steer 
the industry in the direction that most 
benefits it. However, the fact that those 
pushing frameworks already have a large 
installed base make it likely that there will 





and Mentor Graphics, for example—have 

opted to tackle CASE in different ways. Until 1990, HP’s CASE 
products ran only on its platforms. To broaden its CASE base, 
HP decided last year to license the core technologies of its Soft- 
Bench and Encapsulator products so that customers could use 
other computer environments. 


Erecting Frameworks 


The CAD Framework Initiative Inc. made good on its 1989 
promise to link electronics design automation (EDA) tools. At 
last June’s Design Automation Conference in Orlando, Fla., the 
Boulder, Colo.-based consortium of vendors and users of EDA 
tools demonstrated the CFI procedural interface (PI), which al- 
lows producer tools to transfer design data to consumer tools 
using netlists in PI format. Widespread support of CFI was evi- 
denced by the number of companies participating in the demon- 
stration; among them were AT&T Bell Laboratories, Cadence De- 
sign Systems, Computervision, Engineering DataXpress, 
GenRad, Hewlet-Packard, and IBM. 

At the same time, Digital and Cadence Design Systems an- 
nounced the PowerFrame framework program and began in all- 
out race to be the first to provide multiplatform, multivendor 
support across the entire engineering process. Cadence’s own tool 
framework is supported by PowerFrame, as is Valid’s. In addi- 
tion, Teradyne Inc., of Boston, will support PowerFrame with 
its framework, and a host of other suppliers have already had 
their tools encapsulated under the Digital System. Digital is al- 
ready working with customers to encapsulate their existing tools 
for use in the design management framework. Both Cadence and 
Digital say that the framework will conform to the standards that 
are set up by CFI. 

Digital is also working with Objectivity Inc., Menlo Park, 
Calif., to support an object-oriented database for PowerFrame. 
Unlike traditional hierarchical or relational databases, object- 
oriented databases (ODBMSs) make it possible to provide con- 
sistent control of the tools and data used in by a design group, 
while still allowing the group to share design data with others 
in an organization. One can expect that ODBMSs will underly 
all frameworks in the future. 

Mentor Graphics was also vying for the open framework prize 
with Falcon Framework 8.0, which will be supported by the many 
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be multiple de facto standards. 

Users, though, are behind the push for a standard framework, 
because they need to use multiple software tools that work to- 
gether to complete a project. Frameworks, coupled with other 
standards such as EDIF and VHDL, promise a unified environ- 
ment with a consistent interface to the tools, a unified way of 
exchanging data, and a means of controlling tool configurations 
and data versions used for a project—in effect enabling engineers 
in all areas of product development, procurement, manufactur- 
ing, and support to work as a unified team. Providing this capa- 
bility, referred to as concurrent engineering, will be the goal of 
CAE companies in 1991. 


PC EDA 


The role of the PC as an EDA platform has not been clearly 
indicated by any of those involved in the framework programs. 
However, it is clear that there are a number of engineers who be- 
lieve that desktop engineering will be the province of the PC and 
the Macintosh. The number of programs that are available for 
these two environments grew substantially in the past year, and 
analog and digital signal-processing designers now have a wealth 
of tools from which to choose [Special guide to software” JEEE 
Spectrum, November 1990, p. 47]. 

To ensure their future, tool vendors are taking care to see that 
their products will work in multiple environments. For example, 
PSpice, by MicroSim Corp., Irvine, Calif., runs on all the major 
EDA platforms and appears the same to a user regardless of the 
environment in which it is running. This has made PSpice a de 
facto standard for analog simulation, although vendors such as 
Intusoft, San Pedro, Calif., are getting a lot of attention from 
analog designers who want more tool freedom. (Intusoft’s 
products are highly modular, so that they can work with other 
tools the designer might prefer.) 

Another important development in CAE tools last year was 
the emergence of electromagnetic simulators as mainstream tools. 
Whereas EM simulators once required that the user be a specialist 
in finite-element analysis and other esoterica, a new group of tools 
such as EM-Sim from EEsof Inc., Westlake, Calif., and Maxwell 
3D from Ansoft Corp., Pittsburgh, now enable the average digi- 
tal design engineer to undertake the analysis of such phenomena 
as crosstalk and microwave effects with ease. Sd 
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The mainframe resurges 

NEC delivers high-end machine 
AT&T courts NCR, open systems 
European firms merge 


Several years ago, some computer analysts wondered how long 
the conventional mainframe computer, the industry’s backbone 
ever since its birth, could survive. At the time, superminicom- 
puters were becoming more powerful in leaps and bounds, a new 
class of small supercomputers, or minisupercomputers, was just 
starting to take hold, and the first commercial machines based 
on various forms of parallel processing had just hit the market. 

Was it possible that such a vast category as the mainframe, pres- 
sured on every front, could be simply squeezed out of existence? 

Of course not, was the apparent answer of IBM, Fujitsu, 
Hitachi Data Systems, and Amdahl, which led the mainframe’s 
resurgence with product introductions last summer. Earlier, im- 
portant new mainframes had emerged from Digital Equipment 
and Tandem Computers and were delivered to their first buyers 
last year. All told, the mainframe’s status as the machine of choice 
for large numbers of users running mathematically unexceptional 
applications—in business, for example—was solidified. 

On Sept. 5, in what it called its “most comprehensive’ prod- 
uct announcement in over 25 years, IBM Corp. proclaimed a line 
of 18 computers, three operating systems, new technology for con- 
necting computers and peripherals over a large area, and related 
improvements and technical advances. 

IBM also enhanced its standard mainframe architecture, the 
Enterprise Systems Architecture/370 (ESA/370), with the ESA/ 
390. In the ESA/370, introduced in February 1988, improved vir- 
tual memory relieved programmers of the need to explicitly track 
the movement of data and program code in secondary storage. 
Also, addressing was effectively boosted to 31 bits, creating a vast 
virtual memory space. In the ESA/390, these improvements have 
been extended to the entry- and middle-range computers. 

The new line of computers, called the Enterprise System/9000, 
comprise eight water-cooled, six air-cooled, and four rack. 
mounted offerings, which supplant existing mainframe and 
midrange lines. The water-cooled models replace IBM’s 3090 
mainframe line; the top-of-the-line ES/ 9000 Model 900 has 
roughly twice the processing power of the 3090 Model 600J, previ- 
ously IBM’s top mainframe. The air-cooled models replace the 
ES/4381 line of midrange computers; the top one, the ES/9000 
Model 480, offers over four times the performance of its predeces- 
sor, the ES/4381 Model 92E. In addition, vector processors will 
be available for the new air-cooled units, the first IBM has offered 
for a midrange computer line. The rack-mounted models take over 
from the ES/9370 line of low-midrange machines. 

The ES/9000 computers are built around one to four or six 
processors. In the top-end models, higher performance was 
achieved chiefly through improvements in packaging and logic 
technologies already used in the 3090 mainframes. In both the 
3090s and the new ES/9000s, IBM grouped processor and mem- 
ory chips into what it calls “thermal conduction modules.” In 
this technique, which is common in large computers, ICs are 
grouped on specially designed substrates, rather than being in- 
dividually packaged and installed on printed-circuit boards. 

But in the top ES/9000s, IBM has improved matters by using 
a ceramic substrate of alpha cordierite, the better to conduct heat 
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away from the wiring and ICs—which therefore can be spaced 
closer together. Thus four of these modules now hold as many 
ICs as six did in the 3090 mainframes, the company said. The 
circuits themselves employ emitter-coupled logic (ECL) with 1- 
micrometer features. Having twice the density of previous chips, 
they achieve picosecond speeds. 

One of the three operating systems introduced for the ES/9000s 
allows clustering of mainframes to work on a single application, 
not unlike the ““VAXcluster” capability already offered by Digi- 
tal Equipment Corp. Nicknamed “sysplex” by the company, it 
owes its existence to new systems that synchronize the clocks of 
different mainframes and so allow programs to communicate and 
exchange status information. 

Also introduced was an optical-fiber-based connection ar- 
chitecture that enables users to connect a mainframe to peripheral 
devices, such as mass-storage units and printers, up to 9 kilome- 
ters away. This capability is considered important in campus set- 
tings and in urban, downtown areas where high real-estate prices 
make it preferable to install computer equipment off-site. “It is 
a significant advantage, and the distances will continue to in- 
crease,” said Stephen Josselyn, a senior analyst with International 
Data Corp. in Framingham, Mass. The copper-cable links of the 
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‘Maintenance of heterogeneous en- 
vironments represents a trend to- 
ward recognizing and treating ser- 
vice as an important profit center.’ 


The computer industry has reached 
a potentially troublesome juncture: 
with vendors finding that survival 
depends increasingly on excel- 
lence in areas unrelated to the major concerns of users, 1991 will 
find the two groups somewhat at odds. 

While there may be some improvement in the near future, the 
major developments that users need will probably have to wait 
at least until 1992. Thus the chasm between vendors’ and users’ 
needs will lead to short-term problems and, consequently, op- 
portunities for niche players. 

The past 12 months have seen evolutionary advances in tech- 
nology rather than breathtaking leaps. Recent progress has cen- 
tered on improved price/performance ratios and on balancing 
input/output bandwidth with central processing unit perfor- 
mance. Meanwhile, the important area of “environmental” 
software—loosely defined as all software that enables applica- 
tions or application packages—has lagged, and may have even 
lost more ground to hardware during 1990. 

To list some of the more notable developments: 

e The emergence of commercial-grade versions of Unix that, 
while still lacking the capabilities of many traditional operating 
systems, are being used to support mission-critical commercial 
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past were limited to distances of only a hun- oT Le the current 5990 series, but the M series adds 
dred or so meters. significant new capabilities. The high-end 





New mainframes 


Several months before the news from 
IBM, Hitachi Data Systems, Santa Clara, 
Calif., added three high-end models to its 
HDS EX series of mainframes, which are 
based on IBM’s ESA/370 architecture. The 
top two of these—the three-processor EX 
310 and four-processor EX 420—feature 
ECL circuitry with 12 000 gates per array 
and switching speeds in the 70-ps range. The 
chips are grouped in so-named high-density 
modules, not unlike IBM’s thermal conduc- 
tion modules. Hitachi also gave notice that it intended to pro- 
duce a 370-compatible vector processor for the 310 and 420. The 
third machine introduced, the EX 85, is a three-processor econ- 

' omy model; it lacks many of the other two’s semiconductor and 
packaging advances. 

The day before IBM’s 390 proclamation, Tokyo’s Fujitsu Ltd. 
took the wraps off the M-1800 line of five mainframes. The fastest 
is the eight-processor M-1800/ 85, which Fujitsu called “the 
highest-performance general-purpose computer in the world.” 
Although no absolute performance figures were given and such 
claims are made all the time, the machine seems destined to in- 
fluence the market, analysts said. “It’s the first eight-way pro- 
cessor in a mainframe,” said Josselyn. ‘We'll probably see an 
eight-way processor from IBM and Hitachi at some point.” 

Fujitsu also supplemented its VP2000 line of supercomputers 
with the VP2400/40 and the VP/2200/40. Each has four scalar 
and two vector processors. Claimed peak rates are 5 and 2 bil- 
lion (10°) floating-point operations per second, respectively. 

Two weeks after the IBM announcement, on Sept. 18, Amdahl 
Corp., Sunnyvale, Calif., countered with its new 5995 processor 
series of 10 model numbers. The A series essentially repackages 


systems. 


a version of Unix. 


Success: IBM Corp. unveiled Enterprise Systems 
Architecture/390, its new mainframe architecture. 
Shortfall: Data General Corp. and other makers of 
traditional, proprietary minicomputers went on 
struggling to adapt to a market moving to open 


Notable: Digital Equipment Corp., the second 
largest computer company, announced it would 
make its VMS operating system compatible with 


Newsmaker: AT&T chairman Robert E. Allen, who 
launched a hostile bid for NCR Corp. 


units, for example, are six- and eight-way 
multiprocessors. The 5995 series was devel- 
oped independently of Fujitsu, although it 
was based on IC and memory technologies 
supplied by the Japanese company. 

Most of the new machines, from all manu- 
facturers, are scheduled for delivery later this 
year. 

Last year was also a big one for fault- 
tolerant computers, a category of large 
machines that use redundant elements to 
guarantee exceptional reliability for appli- 
cations in finance, the airline industry, and 
the like. New fault-tolerant offerings came from most of the major 
mainframe vendors, and Unix-based fault-tolerant computers also 
emerged. 

Fujitsu’s line, the Sure System 2000, made its bow on Sept. 11; 
Tokyo’s NEC Corp. announced it would resell machines from the 
second largest maker of this kind of system, Stratus Computer 
Inc., of Marlborough, Mass.; Hewlett-Packard Co., Palo Alto, 
Calif., revealed it would resell machines by Sequoia Systems Inc., 
also in Marlborough; and at press time, analysts were expecting 
Hitachi to unveil a fault-tolerant computer by the end of 1990. 

Last January, the leader in this field, Tandem Computers Inc. 
of Cupertino, Calif., introduced a fault-tolerant reduced- 
instruction-set computer (RISC) with a Unix operating system. 
Even Digital Equipment Corp. came out with the VAXft 3000 
Model 310, which the Maynard, Mass., company said would be 
the first of a series of fault-tolerant VAXes. 
















Supercomputers advance 


If NEC’s claims hold up to international scrutiny, 1990 was 
quite a year for the Tokyo-based company. In June, it delivered 
its first SX-3 supercomputer, promised in the spring of 1989 [“Jap- 


applications. However, the proliferation of proprietary Unix ver- 
sions looms as a future stumbling block. 
e 1BM Corp’s introduction of the System/390, important mainly 
because of the vast number of users of the company’s MVS (Mul- 
' tiple Virtual Storage) computers. The S/390 products allow IBM 
: to provide the same environmental software for large systems 
on down to small departmental processors. Although other ven- 
dors, including Digital Equipment Corp., have long had this capa- 
bility, it has eluded MVS users. It remains to be seen how well 
the large-system environmental software (such as DB2) performs 
on the smaller processors. 
¢ Possibly the most important development of all, IBM’s great- 
er willingness to service products other than its own. This is not 
: entirely new with IBM or other firms (Digital’s Customer Serv- 
: ice Business unit is another example), but last year IBM expand- 
ed its activity in this area to include data processing and facili- 
ties management, mainframe utility (via IBM’s Information 
: Network, IIN), and systems integration. As mainframe sales hold 
; steady or decline, maintenance of heterogeneous environments 
represents a trend toward recognizing and treating service as 
an important profit center. 
Behind the emphasis on service is another critical issue: prod- 
uct differentiation in the face of the ongoing migration toward 
| more standardized, open systems. By their very nature, open sys- 
tems limit differences, forcing vendors to set themselves apart 
by focusing on the few allowable distinctions: service is one, and 
: the choice of areduced or a complex instruction set is another. 
| Meanwhile, the market for minicomputers and mainframes is 
being shrunk by the economic slump and by low-end infringe- 
ment. The latter stems from the ability of workstations to off- 
load servers through effective use of distributed and coopera- 
tive processing. For vendors, the problems of a decreasing mar- 
ket are compounded by: 
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¢ Decreasing profit margins in hardware, particularly in the more 
commoditylike market segments such as open systems. 

¢ Increasing competition from niche players, because it is rela- 
tively easy for acompetent engineer to design a computer based 
on off-the-shelf parts and send it to the Pacific Rim for econom- 
ical production. 

¢ Continued shortening of product life cycles—it is already pos- 
sible for delays from chip makers to kill a product introduction. 

Computer users, meanwhile, face a different set of issues. 
They are concerned with the time needed to respond to changes 
in business plans, and with the costs of operating and maintain- 
ing computer systems. They want to integrate and manage het- 
erogeneous networks of platforms as a single system. They want 
reliability and high availability. 

Increasingly, they also want open systems, but they are find- 
ing that open systems are not really open. The “holy grail” of 
vendor independence cannot be achieved today, though some 
users are finding they can, at least, avoid hardware dependence. 
This is leading lifelong customers of one vendor to consider 
changing to another. 

A lack of software that makes highly effective use of massively 
parallel architectures is a particular problem for computer users 
in scientific fields. As some have already realized, the cost of 
rewriting applications for the newer hardware can far outweigh 
the potential savings from the better price/performance of the 
newer hardware. This is a subset of the old application- 
development issue that has always hindered new architectures. 

—Brad M. Friedlander 


Brad M. Friedlander (M) is a senior consultant in the Information and 
Telecommunication Systems Section of Arthur D. Little Inc. in Cambridge, 
Mass. A 24-year computer industry veteran, he holds a B.S. in electrical 
engineering from the University of Maryland in College Park. 
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parallel machine being 
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anese boost speed of supercomputers,” THE INSTITUTE, Novem- 
ber 1990, p. 1]. For the top SX-3 machine, the US $24 million 


Model 44, NEC claims a peak processing rate of 22 gigaflops, 


which would make it by far the world’s fastest computer. Analysts, 
however, gripe that such peak rates are never achieved with actu- 
al programs. By way of comparison, the next generation of 
machines from the two remaining U.S. supercomputer makers, 
Cray Research Inc. in Eagan, Minn., and Cray Computer Corp. 
in Colorado Springs, Colo., are expected to be 16-gigaflops 
machines, and will not be delivered for possibly a year or more. 

Cray Research, the leader in supercomputers, with nearly two- 
thirds of the world market, concentrated on improving the mid- 
dle and low-end of its product line. In May, it unveiled the Y- 
MP72E, a lower-cost, lower-performance alternative to the Y-MP8 
line of supercomputers. The machines sell for between $2.2 mil- 
lion and $5.8 million, depending on configuration (as opposed 
to as much as $25 million for the top Y-MP8). The Y-MP2Es are 
available with one or two processors and up to 64 million 64-bit 
words of memory. 

Cray alleged the machines attained 20-50 megaflops on the 
so-called Perfect benchmarks, which, unlike peak performance 
figures, are held to represent actual performance. However, this 
allegation conflicts with a report last March from the Center for 
Supercomputing Research and Development at the University of 
Illinois in Urbana, which credits the much more powerful, 
eight-processor Cray Y-MP/832 with an overall harmonic mean 
of 22.2 megaflops on the full set of Perfect benchmarks. 

Last March, Cray disclosed its plans to buy SuperIek Com- 
puters Inc., a Santa Clara, Calif—based maker of Cray-compatible 
minisupercomputers. Early October saw the first fruit of that ac- 
quisition, the XMS system. Coupled with the Y-MP2E introduc- 
tion, the moves pit Cray Research squarely against Convex Com- 
puter Corp., Richardson, Texas. Convex is the leading maker of 
minisupers, which offer a significant fraction of supercomputer 
performance at often a smaller fraction of the cost. 

Cray’s XMS machine is based on the S-1 computer developed 
by SuperTek and runs Cray’s Unicos operating system, a deriva- 
tive of Unix System V. Another minisupercomputer, compati- 
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ble with the Y-MP line, is expected before the end of 1991, Cray 
said. 

Notable developments in Cray Research’s managerial suite in- 
cluded the departure of president Marcelo A. Gumucio, who is 
said to have fallen out with Cray chairman John A. Rollwagen. 
Also, a team was formed at the company to develop massively 
parallel architectures; analysts said the move was significant and 
may herald additions to Cray’s line in coming years. 


The rush to open systems 


In the superminicomputer arena, trends incipient in 1989 be- 
came facts of life in 1990. These were the downturn in this mar- 
ket segment, and the industry’s response: a migration away from 
proprietary systems toward more standard (or “‘open’’) architec- 
tures and operating systems—RISC and Intel microprocessors, 
on the one hand, and Unix and MS DOS, on the other. 

Digital, the father of the superminicomputer, exemplified both 
trends. Stuck with many of its competitors in a two-year earn- 
ings slump, Digital said last fall that it planned to lay off 8000 
of its 124 000 employees by the end of the year and to continue 
a voluntary retirement program in hopes of trimming another 
5000 workers in 1991. 

The company has resisted pressures to alter the proprietary 
VMS (virtual memory system) operating system run by its minis 
and superminis, so that it could run software written for the so- 
called open operating systems, such as Unix and its many deriva- 
tives. But in a series of moves last fall, Digital moved aggressive- 
ly into open systems. 

On Oct. 16, the company introduced the applicationDEC 
433MP line of multiuser computers based on one to six Intel 
80486 microprocessors, which are standard in top-of-the-line MS 
DOS personal computers. Priced at $17 500 to $100 000, the line 
executes 20 million to 100 million instructions per second (MIPS) 
and runs a version of Unix that can accommodate applications 
written under the MS DOS, Pick, or Mumps operating systems, 
Digital said. Scarcely a week later came the disclosure that the 
venerable VMS would be altered to run programs written for a 
version of Unix. The company also revealed long-term plans to 
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incorporate RISC technology into its VAX superminicomputers, 
whose vast instruction set is considered by some the very antithesis 
of RISC. (At present, Digital uses RISC processors only in a line 
of workstations.) 

Overshadowed by the applicationDEC, RISC, and Unix an- 
nouncements was other news about additions to Digital’s stan- 
dard VAX line of superminicomputers. The VAX 4000 Model 
300, introduced in July, is a network server, a machine designed 
to anchor a network of single-user computers to shared applica- 
tions, databases, or communications facilities. Another new VAX, 
the 6500, was added to the VAX 6000 mid-range line in October. 

But probably the fiercest thrust into open systems last year was 
made by NCR Corp. The Dayton, Ohio-based firm trumpeted 
a family of general-purpose computers based on Intel micropro- 
cessors, such as the 80486. System 3000, as the line is called, will 
eventually encompass dozens of models on seven levels, span- 
ning a performance range from 7.5 MIPS to 100 000 MIPS, NCR 
said. It is believed to be the first family of computers based on 
microprocessors to have such a wide performance range. The 
lower-performance System 3000 models use MS DOS operating 
systems and the higher ones, a version of Unix. 

Computer analysts were generally pleased with NCR’s strate- 
gy, but AT&T Co., which has long sought a position of promi- 
nence in the computer industry, was downright enthusiastic: it 
launched a hostile takeover bid for NCR on Dec. 3. AT&T said 
NCR’s strategy of emphasizing open computing would mesh per- 
fectly with its own—its people, after all, created Unix in 1969. 
But NCR chairman Charles Exley spurned the offer, saying he 
did not want to be burdened with AT&I’s computer division, 
which he termed a “real mess.” 

The System 3000’s top line of machines, designated 3700, will 
be configurable with thousands of microprocessors, the compa- 
ny said, but did not indicate when they would be available. Only 
six models were introduced in September, four of them being 
single-processor machines—three desktop machines in the 3300 
level, and one in the 3400 level. Another 3400-level offering is 
configurable with one to four 80486s. Also introduced was one 
3500-level machine, built around two to eight 80486 micropro- 
cessors, and put by the company in the “mainframe class.” 

In January of last year, Hewlett-Packard Co. wheeled out 24 
computers based on Precision Architecture, the company’s RISC 
implementation. The newcomers added five models to the HP 
9000 line, intended originally for technical users, and eight to the 
3000 line, mainly for applications in business or transaction pro- 
cessing. The other 11 were network servers. 

Data General Corp., Westborough, Mass., is fast becoming a 
business-school case of what happened in the early 1990s to 
minicomputer manufacturers that were slow to adopt open sys- 
tems. It reportedly spent heavily on R&D for a new line of com- 
puters based on open processors and software. Over in Lowell, 
Mass., the news was a little more encouraging at Wang Labora- 
tories Inc., another company suffering because it hesitated to em- 
brace open systems. In the first fiscal quarter of 1991, Wang 
turned a profit, something it had not done in seven quarters. 


Big acquisitions in Europe 


The trend among European computer makers was consolida- 
tion. In Germany, Siemens AG of Munich bought Nixdorf Com- 
puter AG of Paderborn. The result is Siemens Nixdorf Informa- 
tionssysteme AG, the eighth largest computer company in the 
world and the largest one headquartered in Europe. It controls 
the second largest share of the European market. Shortly before 
the Nixdorf acquisition took effect, Fujitsu Ltd. announced its 
intention to purchase a majority stake in London’s Internation- 
al Computers Ltd. (ICL), Britain’s only large-computer 
manufacturer. 

Some European computer analysts predicted that the ultimate 
winner of the four companies in the two deals would be Fujitsu. 
With ICL, the Tokyo-based giant gains an entree into the Euro- 
pean computer market (albeit a small one: ICL supplied only 1.8 
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percent of that market in 1989, according to Dataquest Inc., the 
San Jose, Calif., market research firm). Even the Siemens-Nixdorf 
marriage benefits Fujitsu, which supplies the merged German 
firm with supercomputer technology for resale. Thus Fujitsu may 
become a power in the European computer industry. 

Cray’s disclosure in early October that it would investigate com- 
mercial massively parallel computers was only one of several gains 
logged by the architecture in 1990. Tens of millions of dollars in 
venture capital were raised last year by the handful of U.S. 
firms—mostly small, private ones—offering massively parallel 
computers, even though nearly all of them have sold under a few 
dozen machines. 

One of the older companies in the field is Beaverton, Ore. 
based Intel Supercomputer Systems Division, part of the semi- 
conductor company, which introduced its first iPSC machines 
in 1985 [Minis and mainframes,” Spectrum, January 1986, p. 
36]. The iPSC has a hypercube architecture, in which connections 
between individual processors (nodes) become more numerous 
as the machine is expanded with new nodes. The previous gener- 
ation iPSC/2 could have anywhere from eight to 128 nodes, all 
based on the company’s own 80386 microprocessors. Last year, 
Intel brought out a new version of the machine, the iPSC/860, 
in which the 80386s are replaced with the much more powerful 
i860 microprocessors. Depending on the number of nodes, the 
iPSC/860 offers 480 megaflops to 7.6 gigaflops, which compares 
favorably with what the highest-performance conventional su- 
percomputers can do. 

With costs far below those of conventional supercomputers, 
the main obstacles to more widespread use of massively parallel 
systems are lack of software and lack of resources to educate 
potential users, according to a recent study by the New York City 
market research firm Frost & Sullivan Inc. Most of the machines 
have been sold for special-purpose, noncommercial applications 
in academic, Federal, or military research. 

The best recent example is the Touchstone Delta System, a mas- 
sively parallel machine being built by Intel for a group of 14 most- 
ly Federal U.S. research organizations led by the California In- 
stitute of Technology in Pasadena. The machine will incorporate 
528 of Intel’s i860 microprocessors [see diagram, p. 42] and have 
a theoretical peak processing rate of about 32 gigaflops. Intel won 
the contract in mid-November, and the system—to be applied to 
military work and so-called scientific “grand challenges,” includ- 
ing studies of global warming, visualization, and chemical 
reactions—is to be completed by next spring. 

Intel also reported sales last year of the iPSC/860 to Boeing, 
Ford Motor, and Prudential-Bache Securities. Overall, Intel says, 
22 percent of the 200 iPSCs sold so far have been to industry. 

The massively parallel architecture also returned to its roots 
last year. One of the first such machines, the cosmic cube at Jet 
Propulsion Laboratory in Pasadena, was designed in the early 
1980s for calculations associated with high-energy physics. Last 
year, physicists were putting the finishing touches on, or operat- 
ing, more powerful massively parallel machines for similar re- 
search at Columbia University in New York City, IBM’s Thomas 
J. Watson Research Center in Yorktown Heights, N.Y., the Fermi 
National Accelerator Laboratory in Batavia, IIl., the University 
of Tsukuba in Japan, and the University of Rome in Italy. 

Massively parallel technology is advancing so rapidly that plans 
to build the first machines capable of executing one trillion 
(10”) instructions per second, or 1 teraflops, have already been 
made. Recently, Thinking Machines Corp., of Cambridge, Mass., 
began working on a design for such a machine under a $12 mil- 
lion grant from the Defense Advanced Research Projects Agen- 
cy, Arlington, Va. And last January, physicists meeting in Talla- 
hassee, Fla., agreed to draw up a detailed proposal for a 1-Tflops 
machine; the proposal was to be submitted to the U.S. Depart- 
ment of Energy’s high-energy physics division. “There’s a large 
number of obstacles between here and there [building the ma- 
chine], but we have a small group of very dedicated people,” said 
physics professor Norman Christ of Columbia University. 


43 





TECHNOLOGY 1991 


TELECOMMUNICATIONS 


Deregulation sweeps the world 
Broadband network standard is set 
All-optical transmission becomes reality 
Mobile communications untethers the user 


The bell that tolled the breakup of AT&T Co. back in 1984 in the 
United States has been ringing in the demise of many other na- 
tional telephone monopolies. Last year half a dozen countries 
deregulated their telephone companies to admit competition in 
the hopes of accelerating technological development. One of the 
leading technologies to take off was mobile communications, par- 
ticularly services based on digital transmission. 

Last year a worldwide standard for the broadband 
integrated-services digital network (ISDN) was finally accepted, 
enabling worldwide compatibility for the emerging fiber-optics- 
based broadband ISDN systems. Meanwhile, narrowband ISDN 
crossed international borders for the first time, offering trans- 
oceanic service. 

In optical-fiber transmission, the most promising development 
was erbium-doped optical amplifiers, which are cheaper and sim- 
pler for long-distance communications, especially if many sig- 
nals are to be multiplexed onto one fiber. In addition, investiga- 
tors demonstrated a simple processor entirely based on optical 
logic elements and parallel optical connections through free space, 
which may be another significant step toward an optical 
computer. 


International push for deregulation 


In November the British Government announced that it would 
deregulate much of the nation’s telecommunications industry, 
including erasing most of the legal restrictions separating the tele- 
phone and cable television industries. Access to the local, long- 
distance, and international service markets—until now the do- 
main of only British Telecommunications PLC (British Telecom) 
and Cable & Wireless PLC’s subsidiary Mercury Communica- 
tions Ltd., both headquartered in London—would be largely un- 
restricted. British cable television companies would be allowed 
to offer local telephone service, and British Telecom and Mercu- 
ry would be allowed to offer cable television and other entertain- 
ment over their phone lines by the end of the decade. The over- 
all plan is expected to take effect this year, perhaps with some 
modifications, after comments are received by the Government 
on Jan. 14. 

Meanwhile, in the United States, the Bell regional holding 
companies—the seven companies formed by the AT&T divesti- 
ture to handle local service—have continued their push to free 
themselves from the three major restrictions of the Modification 
of Final Judgement (MF9J), the court settlement that outlined the 
terms of the divestiture. 

The MFJ forbids the regionals from manufacturing and from 
offering information and interexchange long-distance services. 
Last year more than a dozen bills aimed at removing the restric- 
tions were introduced into the House of Representatives and the 
Senate. The companies also want the U.S.’s regulatory agency, 
the Federal Communications Commission in Washington, D.C., 
to oversee them, and not Federal District Judge Harold H. Greene, 
the judge who approved the MFJ in 1982 and who has retained 
jurisdiction ever since. 

The Bell regionals claim that the MFJ’s restrictions keep them 
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from being fully competitive both in the United States and 
abroad. Opponents claim, however, that those constraints pro- 
tect consumers from the same kind of alleged abuses that caused 
the U.S. Government to bring suit against the Bell System in the 
first place. 

As evidence, some have pointed to the FCC’s audit last year 
of Nynex Corp., New York City, whose purchasing unit was stated 
to have systematically overcharged New York Telephone, New 
York City, and New England Telephone & Telegraph Co., Bos- 
ton, Mass., between 1984 and 1988 for equipment, supplies, and 
services, leading the two to pass some of those costs along to their 
interstate customers. The FCC agreed to end its investigation 
“without any finding of wrongdoing, violations, or liability” once 
Nynex agreed to pay a fine and refund the interstate customers 
by reducing their rate base. 


Deregulation sweeps through Europe 


While complete deregulation was thus thwarted for another 
year in the United States, it has swept through other countries 
at record pace. Effective this month, France Télécom is removed 
from the control of the Paris-based Posts & Telecommunications 
Ministry. The change—achieved by splitting the telephone and 
postal services into independent organizations—will allow France 
Télécom to manage its own budget and disbursements free from 
periodic raids by other government programs. It is not a full-scale 
privatization because the French Government’s aim was to help 
the telecommunications authority become more internationally 
competitive while preserving its public service role. In line with 
the European Community’s telecommunications services direc- 


MOBILE COMMUNICATIONS PROMISE PERSONAL FREEDOM 


LAURENCE B. MILSTEIN: 
EXPERT OPINION 


‘Communications freed from the 
tether of today’s wired or cellular 
systems will yield an unprecedent- 
ed level of flexibility. ’ 


During the past year the hottest tele- 
communications area has almost 
assuredly been mobile communica- 
tions—especially in relation to dig- 
ital cellular telephones and the new personal communication 
networks. 

The digital cellular focus has been on defining and designing 
a second generation of car phones for the 900-megahertz band, 
to increase capacity and reduce interference. The current gener- 
ation of car phones—analog FM radios with each channel oc- 
cupying 30 kilohertz of bandwidth—suffers from congestion in 
major cities. Transferring to a digital system will at least triple 
capacity while creating cleaner channels with greater security 
and privacy. 

As yet unclear is which channel-accessing technique will be- 
come standard. One contender is time-division multiple access 
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tive, France Télécom would keep its monop- te charges by 40 percent. The cabinet in neigh- 
oly on the basic network and voice tele- Leh Leah dll hd boring New Zealand voted to privatize the 


phone services, but will lose it on data com- 
munications, terminal equipment, and 
value-added services, which will be open to 
competition. 

Across the Rhine, the Deutsche Bundes- 
post, Bonn, also decided to suspend its mo- 
nopoly on the basic telephone service in 
order to help overcome the shortage and 
poor quality of telecommunications links 
between the former East and West Germa- 
nys. Post Minister Christian Schwarz-Schilling said companies 
might now use satellite links to transmit voice and data to East 
German subsidiaries and they might offer this service to third 
parties. The controversial suspension, which may be challenged 
in court by the postal trade union, is to last only three or four 
years. But supporters of further deregulation of tele- 
communications in Germany hope it is the first step toward pri- 
vate sector competition in the telephone system. 

In 1989, the German Bundespost had completely deregulated 
data transmission and made it easier for private companies to 
lease lines. But private competition was not allowed on the basic 
voice service. 

In March, the Japanese Government’s Telecommunications 
Council recommended that Nippon Telegraph & Telephone Co., 
Tokyo, Japan’s telecommunications giant, should be split into 
three companies within five years. The two-year study contend- 
ed that NTT’s virtual monopoly of telephone service has hin- 
dered competition in Japan’s telecommunications market and 
fostered inefficient management. 

The council said that NTT—the world’s biggest company in 
terms of stock market value—should be divided into local, long- 
distance, and mobile telecommunications service firms. The Jap- 
anese cabinet, however, voted to table any action until 1995. NTT 
was turned into a private corporation in 1985 [‘Japan tele- 
communications at the crossroads,” by Tadao Saito, IEEE Spec- 
trum, November 1990, pp. 126-28 and “From monopoly to com- 
petition, long-term research is vulnerable,” Spectrum, October 
1990, pp. 46-50]. 

In Australia, Prime Minister Bob Hawke announced that the 
telecommunications market there is to be opened to unlimited 
competition by 1997. That move could cut domestic telephone 





were developed. 


velop. 


Success: Erbium-doped optical-fiber amplifiers 


Shortfall: Economical components for coherent op- 
tical communications have not yet been developed. 
Notable: Mobile communications continued to de- 


Newsmaker: Many countries’ telecommunications 
organizations were deregulated. 


state-owned New Zealand Telecom Ltd., 
Auckland, as well. 

Meanwhile, the debt crisis in Latin Ameri- 
ca has forced Argentina, Chile, and Mexi- 
co to offer stakes in their telephone monop- 
olies to foreigners. In December, the 
Mexican government sold control of its na- 
tional telephone company, Teléfonos de 
México (Telmex), to a consortium made up 
of Grupo Carso of Mexico, Southwestern 
Bell Corp., and France Télécom. The sale, at US $1.76 billion, 
was the largest cash purchase ever to be made in a privatization 
program in a developing country. 

And the revolutions in eastern Europe and elsewhere have at- 
tracted private telecommunications companies from all over the 
world into Bulgaria, Czechoslovakia, the former East Germa- 
ny, Hungary, Poland, Romania, and Mongolia. The Soviet Union 
is also gearing up to modernize its telecommunications networks, 
although so far the Soviet Government has not favored 
demonopolization. 












Broadband network standard set 





Last year the International Telecommunication Union’s Inter- 
national Telegraph and Telephone Consultative Committee 
(CCITT), based in Geneva, adopted the asynchronous transfer 
mode (ATM) standard for broadband ISDN services. This stan- 
dard should ensure worldwide compatibility among the optical- 
fiber broadband ISDN systems now emerging and has already 
led to the scheduling of trials in Europe, Japan, and the United 
States, for 1992 and 1993. Commercial products for these trials 
are believed to be under development by most major manufac- 
turers worldwide. 

The ATM standard defined the packet (or cell) speed, size, and 
format for all broadband switches. First to announce a commer- 
cial broadband ISDN switch was Fujitsu Ltd., Tokyo, which 
demonstrated a prototype ATM switch at Supercomm/ICC’90, 
the International Conference on Communications held in Atlan- 
ta, Ga., last April. Constructed with BiCMOS RAM and logic 
gate arrays and switching 512 by 512 lines with 150 megabits per 
second, it is the largest switch so far announced. Others are ex- 
pected this year. 





(TDMA), in which n users share a single carrier by being assigned 
all the nth time slots for their information. The other is code-di- 
vision multiple access (CDMA), where each signal consists of 
a different binary sequence that modulates the carrier, spread- 
ing the spectrum of the waveform; the signals are separated in 
the receiver by using a correlator’ that accepts signal energy only 
from the selected binary sequence. 

Currently there are strong proponents of each technique. If the 
industry is unable to conform to a uniform standard, some regions 
of the country might use TDMA while others use CDMA, depend- 
ing on which cellular company serves the particular geographi- 
cal area. 

Closely related to the digital cellular work is that of the per- 
sonal communication networks (PCN). Unlike the digital cellu- 
lar systems, the PCNs are designed to operate independently, as 
well as interface with the standard wired telephone network. Al- 
though PCNs will themselves be digital, they will differ from dig- 
ital cellular systems for car phones and other mobile communi- 
cations in several key respects. 

The PCNs will operate in the 1.9-gigahertz region. The radios 
are intended to be both small and light enough to fit comfortably 
in ashirt pocket. Because their transmission power will be low, 
many more base stations will be required than for digital cellu- 
lar systems—and thus PCNs are sometimes dubbed microcel- 
lular systems. 

Perhaps the most important distinction between the two, how- 
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ever, is less a function of technology than of concept: with the 
PCNs, a user will have a personal identification number, eliminat- 
ing the need for separate phone numbers for home, office, or any- 
where else. 

Technically, the same issues debated in the digital cellular in- 
dustry are under study for PCNs. Some major companies, such 
as Motorola Inc., Schaumburg, Ill., are designing a TDMA-based 
network while others, such as Millicom Inc.’s subsidiary PCN 
America Inc., and SCS Mobilecom Inc., are experimenting with 
systems using CDMA and various other digital spread-spectrum 
techniques. 

One of the more interesting tests, devised by PCN America, 
overlays a spread-spectrum PCN on an existing network of nar- 
rowband users (primarily utility companies) at the same frequen- 
cies, to determine if the two sets of users can coexist without 
excessive interference. 

Whatever the outcome of the specific technical considerations, 
communications freed from the tether of today’s wired or cellu- 
lar systems will yield an unprecedented level of flexibility and per- 
haps whole new industries. 


Laurence B. Milstein (F) is professor of electrical and computer engineer- 
ing at the University of California in San Diego, with particular interest 
in spread-spectrum technology. He is also the IEEE Communications So- 
ciety vice president for technical activities, and is a member of the board 
of governors of the Information Theory Society. 
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Meanwhile, last year, for the first time, narrowband (64-kilobit- 
per-second) ISDN went international. As early as 1988, after years 
of anticipation, isolated local areas in Japan, Europe, and the 
United States began offering these services commercially. In Janu- 
ary, AT&T announced that customers in 37 U.S. cities could dial 
a 64-kb/s channel to Japan and the United Kingdom. In April, 
international 64-kb/s ISDN was launched between Kokusai Den- 
shin Denwa (KDD), based in Tokyo, and France Télécom’s 
Numeris data network, with the first two customers beginning 
to use it for data and Group 4 (high-resolution) facsimile trans- 
mission. 


All-optical transmission becomes reality 


Last year the erbium-doped fiber amplifier emerged as the un- 
disputed champion of lightwave communications technology. It 
surpassed even the optimistic predictions of the year before for 
low noise (close to the quantum limit of 3 decibels), low coup- 
ling loss (less tnan 0.5 dB), high saturation power (up to tens of 
milliwatts), polarization independence, and virtually complete 
freedom from nonlinear distortion over thousands of kilometers. 
Many experts believe that erbium-doped fiber amplifiers will 
revolutionize long-distance optical communications, from video 
distribution to broadband networking. 

For example, NTT reported the successful transmission of 2.5 
gigabits per second over 2200 kilometers of single-mode fiber, 
using 25 erbium-doped fiber amplifiers. AT&T Bell Laboratories 
at Holmdel, N.J., reported a recirculating-loop experiment in 
which solitons (pulses of light so stable they do not spread in an 
optical fiber) propagated without distortion for more than 10 000 





km [“Light that acts like ‘natural bits’,” Spectrum, August 1990 
pp. 56-57]. The observed jitter in pulse arrival times was consis- 
tent with bit rates up to about 4 Gb/s with a bit error rate of 1 
in 10°. In October, AT&T and KDD announced plans to link the 
United States and Japan in 1996 with a high-capacity undersea 
fiber cable boosting the optical signals with erbium-doped fiber 
amplifiers. 

For video distribution with erbium-doped fiber amplifiers, Bell 
Communications Research Inc. (Bellcore) transmitted 100 FM 
television signals and six 622-Mb/s data channels to 4096 termi- 
nals with a bit-error rate of 10°. The new amplifiers are even 
more promising for standard AM television, where higher signal- 
to-noise ratios are required. For example, NTT reported distribut- 
ing 19 AM channels from one solid-state laser to more than 12 000 
subscribers. The experiment employed six stages of erbium-doped 
fiber amplifiers and power splitters; the delivered signal-to-noise 
ratio was 45 decibels, which is good enough for television images 
to the home. 

Meanwhile, for more standard optical-fiber communications, 
the art of putting many optical channels on one fiber in order 
to take advantage of the immense available bandwidth is getting 
closer to practical implementation. 

NTT demonstrated the technique, known as wavelength- 
division multiplexing, with the transmission and distribution of 
100 channels over a distance of 50 km using incoherent frequency- 
shift keying. The signals were sent by 100 temperature-stabilized, 
directly modulated semiconductor lasers and separated again by 
tuned optical-filter receivers. AT&T Bell Laboratories demonstrat- 
ed a technique for stabilizing semiconductor laser frequencies by 


International trade in telecommunications, 1984 and 1989 


Imports, 1984 Exports, 
millions millions 
of U.S. dollars of U.S. dollars 
Europe 
(EC and EFTA) 
1790 
Japan 


United States 


Rest of the world 1790 





(EC and EFTA) 


Balance of trade among Europe, Japan, the United States, and 
the rest of the world has change significantly over the last five 
years as telecommunications has globalized. Europe was a net 
exporter in 1984—primarily to the rest of the world—but by 1989 
had come to import many of its telecommunications products, 
especially from Japan. Over the same five years, Japan grew to 
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2490 | 


ee United States 


Exports, 
millions 
of U.S. dollars 


Imports, 1989 
millions 
of U.S. dollars 


_| 2490 





Rest of the world 





Source: Electronics International Corp. 


be the strongest exporter in the world. Between 1984 and 1989, 
the United States increased its telecommunications imports from 
Japan, but also from the rest of the world—although that fig- 
ure also includes products manufactured offshore by U.S.-based 
companies. The rest of the world has dramatically increased its 
imports of telecommunications products from Europe and Japan. 
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New public mobile-communications technologies 


Technology 


Frequency 
band 


Relation to 
wireline tele- 
phone company 


Some par- 
ticipants 


Cellular telephony 
(domestic public 
cellular-radio tele- 
communications service) 


Telephone service to 
and from vehicles and 
portable transceivers 


Analog FM now; mov- 
ing to digital TDMA 
and CDMA; cells 5-8 
km across 


800 MHz 


Relies on its own in- 
dependent switches 
and on standard tele- 
phone network switches 


Commercial 


Dozens of traditional 
telephone companies, 
plus independent cellu- 
lar companies such as 
McCaw Cellular Com- 


ATTA (Ht 


Personal Communica- 
tions Network (PCN) 


Complete public- 
switched wireless 
phone network for in- 
door and outdoor use 


Digital TDMA or CDMA; 
“microcells’’ 100 meters 
across for maximum 
frequency reuse; num- 
bers may be assigned 
to each user, not to 
each phone 


1800 MHz 


Completely indepen- 
dent and competing 
network, depending on 
country’s legal structure 


International satellite 
common-carrier service 


of satellites to 


FDMA, TDMA, CDMA 
under consideration 


Experimental in United | | 


States and Euro 


In U.S., 22 experimen- 
tal licenses granted; in 
UK, three experimental 
licenses granted; in- 

terest also among cable 


AMSC, Ellipsat, Geo- 


star, Leosat, Motorola, 
NASA, Orbcomm, Qual- 
comm, Starsys, VITA, 
among others 


Standards 


Cordless Telephone 2 
(CT-2) common-carrier 
service 


_UK standard for ad- 

oute calls from cellular | 
or PCN systems any- 
_ where in the world — 


vanced cordless 
phones 


Digital FDMA, time- 
division duplex 


Digital European Cord- 
less Telephone (DECT) 


European Community 
| standard for cordless 
__| telecommunications 


Digital TDMA, time- 
division duplex 


| 1.8-1.9 GHz 


Relies on standard 


phone network for 
switching 


Barclay's, British Tele- 


com, Ferranti, France 
Télécom, Mercury, Moto- 
rola, Nynex, Philips, 
Shaye, Shell, STC 


Relies on standard 
phone network for 
switching 


Standard is still incom- 


plete; DECT-like sys- 
tems are starting limit- 


ed commercial — 


deployment 


Ericsson, NovAtel, 
Siemens 


television firms for 
linking base stations 


CDMA, FDMA, TDMA = code-, frequency-, time-division multiple access 

AMSC = American Mobile Satellite Corp. 

Barclay's = Barclay’s Bank PLC 

British Telecom = British Telecommunications PLC 

Ellipsat = Ellipsat Corp 

Ericsson = Telefonaktiebolaget L.M. Ericsson 

Geostar = Geostar Corp. 

Leosat = Leosat Corp. 

Mercury = Mercury Communications Ltd 

Motorola = Motorola Inc. for internatoinal satellite common carrier service and Motorola Ltd. for CT-2 
Source: Benn Kobb; Federal Communications TechNews, Washington, D.C.; plus various companies 


munications 


mode-locking them to the various peaks of a single Fabry-Perot 
(resonant cavity) filter. 

Despite this intense work on wavelength division multiplex- 
ing, its widespread application awaits the development of eco- 
nomical optical components, such as integrated heterodyne 
receivers, integrated multiple-wavelength transmitters, and high- 
density diode arrays and grating multiwavelength receivers. 
Erbium-doped fiber amplifiers are clearly a step in the right direc- 
tion, since they can amplify an entire band of wavelengths at once, 
eliminating the need for separate electro-optic regeneration for 
each channel. But much work still remains before coherent op- 
tical communications can become a reality. 


Optical processor demonstrated 


In photonic switching for optical computing, last year’s major 
advance was the demonstration by AT&T Bell Laboratories, 
Holmdel, of a simple optical processor entirely based on optical 
logic elements and parallel optical connections made through free 
space rather than through optical waveguides. The optical logic 
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NASA = National Aeronautics and Space Administration 
NovAtel = NovAtel Communications Ltd. 

Nynex = Nynex Corp. 

Orbcomm = Orbital Communications Corp 

Philips = Philips NV 

Qualcomm = Qualcomm Inc. 

Shaye = Shaye Communications 

Shell = Shell International Petroleum 

STC = Standard Telephones & Cables PLC 

VITA = Volunteers in Technical Assistance 


elements were self-electro-optic-effect devices (SEEDs), which 
operate as NOR gates with optical inputs and outputs. Four two- 
dimensional arrays, each constructed out of 32 SEEDs, were 
“connected” by beams of light that were focused through lenses, 
mirrors, and prisms. 

Although the processor could perform only simple tasks such 
as counting, it showed that free-space optical connections can 
be used to “wire up” logic systems. Aligning the many beams was 
relatively easy, suggesting that whole images constructed of par- 
allel beams might be a technically viable way of communicating 
within processors. Also, by switching all the SEEDs at once, the 
experiment showed the power of the intrinsic parallelism of op- 
tics, which has long been touted as the potential power of opti- 
cal computing. 


Acknowledgements to Kai Y. Eng, Paul Henry, Alan Huang, David 
A.B. Miller, and Adel A.M. Saleh at AT&T Bell Laboratories, Holm- 
del, and Benn Kobb, Federal Communications TechNews, 
Washington, D.C. 
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DATA COMMUNICATIONS 


Ethernet twisted-pair makes progress 
End users, vendors move on FDDI 
Interoperability the watchword 
Networking at gigabit data rates studied 


Two events of great significance occurred in data communica- 
tions in 1990. One was the rapid acceptance by end users of the 
new 1OBASE‘T standard for Ethernet interconnections using un- 
shielded twisted-pair wiring. The other was the widespread ac- 
ceptance of the Fiber Distributed Data Interface (FDDI) by cor- 
porate planners and MIS (management information system) 
people, as well as government planners, as the way to wire the 
corporate backbone. And the past year also saw commercializa- 
tion begin of the FDDI interface by which data is transmitted 
on an optical-fiber network at 100 megabit-per-second rates. 

Twisted-pair wiring for Ethernet local-area networks (LANs) 
had already been made available in various proprietary config- 
urations. ‘““The business had been growing dramatically without 
the blessing of a standard,” Bill Carrico, president and chief ex- 
ecutive officer of Network Computing Devices Inc., Mountain 
View, Calif., told ZEEE Spectrum. “But with the standard here, 
business is going to explode. People will just love using twisted 
pair, instead of coaxial cable.” 

As for FDDI, not only were complete chip sets for implement- 
ing the interface introduced by at least three semiconductor 
manufacturers, but a variety of vendors announced or were work- 
ing on products for that marketplace. A year earlier, potential 
users could draw on hardware from only a handful of compa- 
nies, noted Richard Mack, a market analyst at Kessler Market- 
ing Intelligence Inc., Newport, R.I. But in 1990, more than 30 
companies showed off networking products for FDDI at a vari- 
ety of trade shows, he said. 

Forrester Research Inc., a market research company in Cam- 
bridge, Mass., saw sales of such equipment zooming. It projected 
a U.S. market for FDDI bridges, routers, hubs, and single- 
attachment stations soaring to US $453 million in 1993, up from 
its estimate of $35.5 million in 1990. Forrester also pegged the 
average per-port cost last year for FDDI, including optical-fiber 
adapters, hubs, cables, and connectors, at $11 650. The compa- 
ny estimated that this figure will drop to $2000 by 1994. 

The products might be expensive, but since they are at the be- 
ginning of the production learning curve, that should be expect- 
ed. “Certainly, they’re the harbingers of the mundane technolo- 
gy of five to 10 years from now,” said Carrico. 


FDDI chip sets 


Chip sets for the full FDDI interface were announced by Ad- 
vanced Micro Devices (AMD) Inc., Sunnyvale, Calif.; National 
Semiconductor Corp., Santa Clara, Calif.; and Sumitomo Elec- 
tric Industries Ltd. of Japan. In addition, AT&T Microelectron- 
ics, Berkeley Heights, N.J., developed a chip set for a partial FDDI 
interface, and Digital Equipment Corp., Maynard, Mass., devel- 
oped one that is to be second-sourced by AMD and Motorola 
Inc., Schaumburg, IIl. 

In large volume, the price of a complete chip set might be 
around $250, said Sanjay Dhawan, manager of AMD’s Advanced 
Networking Technology Center. But he sees this price falling to 
under $100 in 1992 when the chip is produced in “real volume,” 
once the technology is applied to the desktop computer. 


Alfred Rosenblatt Technical Editor 
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AMD found enough interest in FDDI technology to establish 
its networking center last July. Its purpose: to develop programs 
for testing FDDI LAN products and to carry out the tests. A simi- 
lar facility, the Interoperability Laboratory, is also in place in the 
Research Computing Division at the University of New Hamp- 
shire in Durham. That laboratory, which began its FDDI test pro- 
gram for an industry consortium last June, had set up a similar 
group last January for testing 1OBASE-T products, and is con- 
sidering organizing interoperability tests of other networking 
products. 

An interoperability facility is particularly needed for FDDI— 
only time will tell if two are needed—because FDDI developed 
differently from Digital Equipment’s Ethernet or IBM’s Token 








DATA COMMUNICATIONS, TELECOMMUNICATIONS CONVERGE 


DIPANKAR RAYCHAUDHURI: 
EXPERT OPINION 


‘High-performance workstations 
and distributed processing systems 
[have] increased the demand for 
packet networks with improved bit 
rates and response time.’ 


The most notable trend of the past 
year was an acceleration of the con- 
vergence between data communi- 

; cation and telecommunication 
technology. This growing overlap between two formerly distinc- 
tive communication scenarios has been driven by a combina- 
tion of “application-push” and “technology-pull.” 

On the application side, the recent proliferation of high- 
performance workstations and distributed-processing systems 
has increased the demand for packet networks with improved 
bit rate and response time. In addition, recent advances in com- 
puter and signal-processing technology have led to the emer- 
gence of multimedia applications incorporating a combination 
of voice, data, and video. 

As multimedia and related technologies (such as workstation 
teleconferencing, image retrievalAransfer, and voice e-mail) be- 
come more pervasive, data communication systems have evolved 
from the low-to-medium-speed datagram networks of the 1970s 
and 1980s to general-purpose telecommunication networks han- 
dling a wide range of bit-rate/delay requirements for both real- 
time and non-real-time data traffic. 

On the technology side, the convergence of data communi- 
cations and telecommunications can be attributed to increas- 
ing acceptance of a new generation of packet-switching. tech- 
nology over circuit switching. Packet communications offers 
important advantages, such as resource sharing, service integra- 
tion, variable-bit-rate (VBR) service flexibility, burst traffic sup- 
port, multipoint-to-multipoint operation, and lower switching 
cost per subscriber. Technical difficulties associated with the 
previous generation of packet networks—such as insufficient 
bit-rate throughput, high variable delay, and/or packet loss— 
inhibited their application to such real-time services as voice 
and video. 


IEEE SPECTRUM JANUARY 1991 


Ring. With the latter two, the products came first, while for 
FDDI, the standard, the American National Standards Institute’s 
ANSI X3T9.5, came first. When Ethernet and Token Ring moved 
to standardization, manufacturers already knew how to make the 
products. 

With FDDI, equipment vendors needed to learn how to make 
them, and they realized the importance of having them work to- 
gether seamlessly. No longer can a single vendor produce a prod- 
uct and have it under his own control, noted the Interoperability 
Laboratory’s director, Barry Reinhold, adding that “remote soft- 
ware services require lots of things to work right, and they’re made 
by different people.” 

His center’s goals, said Dhawan, are to help vendors test the 
interoperability of their products and to build confidence among 
end users that FDDI is truly multivendor. By year-end, the cen- 
ter had 28 members, including equipment vendors Cisco Systems, 
Codenoll Technology, Hewlett-Packard, Interphase, Martin 
Marietta Aero & Naval Systems, Datensysteme, Sun Microsys- 
tems, SynOptics Communications, and Ungermann-Bass, as well 
as a chip maker, Sumitomo Electric. 

New Hampshire’s Interoperability Lab had more than 20 mem- 
bers, most from the East Coast and including IBM, Motorola, 
National Semiconductor, and the Apollo Systems operation ac- 
quired by Hewlett-Packard. Another purpose of the laboratory 
is to train the university’s students in the latest networking tech- 
nology, added Reinhold. 

Equipment vendors were not content, however, to rest with op- 


tical fiber as the only means of carrying FDDI’s data rate. Roch- 
ester, N.Y-based Cabletron Systems Inc. marketing manager 
Michael Welts pointed to research showing that 95 percent of all 
network connections fall within 100 meters of the wiring closet, 
while the FDDI standard requires an interface supporting dis- 
tances out to 2 kilometers. 


FDDI on twisted-pair 


“Tn essence, this becomes overkill, and over-expensive,” Welts 
said. “Users only need 100 meters of cabling, and twisted-pair 
can provide this capability in the most cost-efficient means pos- 
sible.” The average per-port cost for twisted-pair FDDI connec- 
tions would fall well below the Forrester Research’s $2000 fig- 
ure, he said, if a twisted-pair standard were approved. 

Last August, Cabletron said it had developed the technology 
for twisted-pair FDDI and was joining with National Semicon- 
ductor to develop an integrated-circuit twisted-pair FDDI trans- 
ceiver interface that Cabletron would design into its product line. 
Also active was SynOptics Communications, Santa Clara, Calif., 
which signed a technology agreement with four strategic 
partners—CMC (Communication Machinery Corp.), a Rockwell 
International Corp. company, Interphase, Network Peripherals, 
and Silicon Graphics—to find applications for a board-level 
twisted-pair FDDI transceiver that SynOptics had developed. 

And in October, SynOptics and its partners demonstrated the 
technology for running the FDDI protocol over IBM Type 1 
shielded twisted-pair at the Interop 90 Show in San Jose, Calif. 





With the gradual application of broadband media to data com- 
munications, it became clear that high-speed local- , metropol- 
itan-, and wide-area networks (LANs, MANs, and WANs) could 
support much more than just data if suitable fast packet- 
switching protocols were developed. Fast packet-switching 
methods such as frame relay and cell relay are now being ap- 
plied to LAN interconnection, and are also applicable to integrat- 
ed voice/video/data multimedia traffic. 

The telecommunication world has also been embracing fast 
packet-switching concepts to provide flexible, high—bit-rate ser- 
vices. The cell-relay-based IEEE 802.6 MAN standard is being 
employed for new switched multimegabit data services (SMDS) 
offered by telephone companies. A longer-term move of this na- 
ture is evidenced by the selection of asynchronous transfer mode 
(ATM) as the target world standard for the broadband integrat- 
ed-services digital network (B-ISDN). 

High-speed LANs, MANSs, and WANs supporting a wide range 
of bit rates and service quality levels are the basic prerequisite 
for the emerging integrated communication scenario. The past 
year has seen considerable progress in standardization and com- 
mercial development of high-speed LANs and MANSs. The Fiber 
Distributed Data Interface (FDDI), operating at speeds up to 100 
megabits per second, also became widely available. It is being 
used to satisfy growing demand for high-speed packet-switched 
backbone networks able to interconnect many LANs, while also 
providing adequate throughput to such high-bit-rate devices as 
supercomputers and full-motion video systems. 

Parallel to FDDI, the higher-speed IEEE 802.6 MAN standard 
effort has reached sufficient maturity to permit early commer- 
cial development of SMDS. Prototype switched-star ATM net- 
works with 155.5-Mbi/s access line speeds have also been demon- 
strated this past year. In addition, several promising very 
high-speed (over 1 gigabit per second) optical-fiber LAN and MAN 
approaches, based on recent progress with wavelength-division 
multiplexing (WDM) and/or optical switching components, are 
currently at various stages of R&D. At the same time, the push 
for gigabit wide-area packet networks is increasing with major 
research initiatives by both government and industry. 

Fast packet protocols are the second key element in the data 
communication scenario of the 1990s. Considerable progress has 
been made in the specification of frame- and cell-relay protocols, 
which simplify (and hence speed up) normal packet switching 
procedures by limiting or eliminating error-control and flow- 
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control overheads. Frame-relay protocols such as LAPD/Q.921 
have been standardized by the CCITT, while cell-relay protocols 
such as IEEE 802.6 and ATM (along with associated Sonet trans- 
port) have either been defined or are close to final definition. While 
LAPD and 802.6 each occupy relatively well-defined application 
areas, ATM is broadly applicable to all data and tele- 
communication services. Service-specific ATM adaptation level 
(AAL) protocols for various applications such as voice, TV/HDTV 
(high-definition TV) delivery, and data are currently under con- 
sideration by standards groups. 

Higher-level session and presentation level protocols for mul- 
timedia are at a relatively early stage, and further development 
will be required before the full potential of broadband networks 
can be commercially realized. ATM may indeed be the answer to 
the fast-changing integrated-service requirements of both the 
data communication and telecommunication scenarios, although 
it will be a while before an industrywide consensus is reached 
in the United States. 

Another development worth noting is the new interest in wire- 
less technologies for data network applications. Wireless LAN/ 
MAN technologies have initially been driven by reconfigurabili- 
ty/cost advantages in niche markets, but they could evolve to- 
ward serving the growth in the demand for personal data com- 
munications. As personal computer applications such as e-mail 
and multimedia proliferate, data may become an integral part of 
personal/mobile communications, dominated by voice services. 

On the spectrum-limited radio medium, a resource-shared data 
communication service such as e-mail-type messaging is ord- 
ers of magnitude more bandwidth-efficient than voice. It can pro- 
vide essential connectivity at a very low cost per subscriber. Tech- 
nology for wireless data services can be based either on the 
digital time-division, multiple-access (TDMA) transport to be used 
in next-generation cellular mobile radio or on the lower-power, 
wider-band spread-spectrum approaches announced recently. 
Spread-spectrum networks, very appealing for their spectrum al- 
location and compatibility advantages, also appear to be promis- 
ing for wireless LANs and MANs, which efficiently support large 
numbers of bursty data terminals. 


Dipankar Raychaudhuri (SM) is head of broadband communications re- 
search at the David Sarnoff Research Center, Princeton, N.J. He is cur- 
rently chairman of the IEEE Computer Society Committee on Data Com- 
munication Systems, and is an editor of its Communications magazine. 
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At the core of the demonstration was SynOptics’ LattisNet Sys- 
tem 3000 intelligent wiring center, or hub, which supports Ether- 
net, Token Ring, and FDDI. New products could result within 
the next six to 12 months, according to the company. However, 
whether the FDDI drops from the wiring closet will rely on shield- 
ed or unshielded twisted-pair is still being debated. 

As for the transceivers, Hewlett-Packard Co., Palo Alto, Calif., 
was the first partner to deliver late last year on a multisourcing 
agreement it signed in 1989 with AT&T Co. and Siemens AG. The 


price for the HPBR-5125 was hefty, however—$550 in quantities 


of one to nine, with volume prices negotiable. 





Integrating Ethernet, Token Ring, FDDI 


The development of twisted-pair wiring for Ethernet and FDDI 
signals the onset of a far-reaching change in LANs, said Steven 
Moustakas, SynOptics’ director of product management. 

“In the year ahead, we’ll start to tie together Ethernet, Token 
Ring, and FDDI local networks in one concentrator in one wir- 
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“> _ Hooks between FDDI sublayers/documents, OS! layers, SMAP 


etd OSI layers 


With the document for the Station Management, or SMT, sub- 
layer finalized last year by ANSI’s X3T9.5 standards commit- 
tee, the 100-megahertz Fiber Distributed Data Interface (FDDI) 
began to attract lots of vendor and end-user attention. The SMT, 
where error detection, fault isolation, and correction algorithms 
are defined, provides the intelligence for the FDDI sublayers to 
work together. It falls outside the OSI seven-layer model, but 
FDDI'’s other sublayers are concerned with the two lowest lay- 
ers of the OSI model. 





(FDDI) documents 


ing closet,” he explained. “We'll be able to make a single, more 
productive network out of the islands of networking that have 
been developed in many companies over the years—for exam- 
ple, Ethernet used for engineering and Token Ring for finance. 
And we'll be doing it with structured wiring systems such as 
AT&I’s PDS [premises distribution system] for IOBASE-T Ether- 
net and IBM’s shielded twisted-pair cabling system for Token 
Ring.” Tying those networks together will be bridges and rout- 
ers included in that wire-closet concentrator. 

As for the network itself, it is often a network of networks, 
and is becoming multivendor, mixing hardware and software from 
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different vendors. Macintosh LANs, for example, which have 
traditionally been made up only of other MACs, can now inter- 
connect with Digital Equipment Co. VAX and DOS- or OS/2- 
based machines. 

Managing such an integrated network will be handled with an- 
other item that boomed in 1990, according to Dan Lynch, presi- 
dent of Interop Inc., the Mountain View, Calif., company that 
organizes the Interop shows. Lynch referred to the Simple Net- 
work Management Protocol (SNMP), which originated in the 
Transmission Control Protocol/Internet Protocol (TCP/IP) world 
about a year and a half ago. It allows for standards-based manage- 
ment of LANs up to layer 3 of the Open Systems Interconnec-. 
tion (OSI) protocol. Fifty vendors were at the Interop show 
demonstrating SNMP. The protocol permits applications to be 
written across heterogeneous systems so that network operations 
people can have a coherent set of tools to probe their entire 
network. 

These tools include products from multiple vendors, because 
more vendors than ever are publishing the details—the manage- 
ment information base, or MIB—needed for a customer to man- 
age concentrators from multiple vendors, said Moustakas of Syn- 
Optics. His firm introduced its first SNMP management system 
last year with its LattisNet System 3000. 

Another important development in LAN interconnection is 
that a consortium of manufacturers, led by Cisco Systems Inc., 
Menlo Park, Calif., and Stratacom Inc., Campbell, Calif., have 
agreed to implementation standards for the frame relay protocol. 
Frame-relay-based subnetworks may in many cases provide far 
better price-performance than point-to-point or X.25-based sub- 
networks. 


‘LAN’ may no longer apply 


Actually, the connectivity and complexity of the burgeoning 
LAN market may have outgrown the term “LAN.” It used to 
be that the LAN market could be clearly segmented—for exam- 
ple, by function, by the organizational level being connected (from 
workgroup PC cluster up through department levels to a main- 
frame host), or by the dominant network technology: baseband, 
broadband, token ring, and so on. 

But that kind of segmentation means less and less in today’s 
ever more complex connectivity environment, pointed out mar- 
ket researcher Frost & Sullivan Inc., New York City. Today, those 
segments all overlap, as stand-alone workgroup LANs become 
more like general-purpose LANs and connect into wide-area net- 
works. The market may be more aptly defined by the term “‘net- 
work computing,” according to Frost & Sullivan. 

The market researcher predicted in a report last year boom- 
ing growth for the subnetwork LAN market. Total LAN sales 
for offices in the United States, for example—hardware, software, 
and cabling—amounted to over $5.68 billion in 1989, and Frost 
& Sullivan forecasts this total will reach $16.99 billion in 1994 
(in constant 1989 dollars). In this time frame, hardware sales are 
predicted to go from $4.06 billion to almost $11.3 billion; soft- 
ware sales from $883 million to $3.77 billion; and media sales 
from $720 million to nearly $1.8 billion. 

What’s more, this dollar growth will take place despite a con- 
tinuing decline in average prices. During the forecast period, ex- 
panding connectivity will increase the size of the average LAN 
from nine to 16 nodes. However, the cost of a single node will 
decline by 51 percent, from $766 in 1989 to $376 by 1994, as LANs 
grow larger and the costs of centrally shared resources such as 
servers and printers are spread over more nodes. The average cost 
per LAN (hardware and software, but not including media) will 
drop 19 percent, from $6893 to $5606. 


At the highest data rates 











With the commercial world ready for operation at data rates 
of 100 Mbits/s and beyond, the research community is jumping 
to an order of magnitude higher—1 Gigabit/s and up. For ex- 
ample, last September Advanced Network & Services (ANS) Inc., 
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Elmsford, N.Y., was established to meet the 
skyrocketing demand for high-speed net- 
working and help propel network capabili- 
ties into the next century for the US. re- 
search and education communities. 

The new organization’s efforts will be not 
only in research and development needed for 
gigabit-per-second data transmission—it 
has also taken on the management and oper- 
ation of the Government-funded National 
Science Foundation Network (NSFnet) 
backbone, under subcontract to Merit Inc., 
Ann Arbor, Mich. Merit and its corporate 
partners, IBM Corp. and MCI Communi- 
cations Corp., Washington, D.C., had 
managed and operated the NSFnet since 
1987. In providing for gigabit data rates, 


ANS will build on the research and testbed activities currently 


under way at various organizations. 


Researchers also have their sights set on developing a new gener- 
ation of protocols for high-performance networks. “You might 
predict there’d be little interest in such research because of the 
difficulties in arriving at standards,” said Greg Chesson, chief 
scientist for Silicon Graphics’ computer systems service, based 
in Mountain View, Calif. “But, judging by the attention it received 
at the International Federation of Information Processing Soci- 
eties’ conference in November, protocol research is alive and 


well.” 


Chesson’s own work has gone into developing the Xpress Trans- 
fer Protocol, or XTP. This protocol minimizes overheads by, for 
example, minimizing handshaking and setting up a fixed packet 
structure. To achieve high speed, Chesson envisions a protocol 
“engine” implemented in very large-scale integrated (VLSI) chips, 
instead of in the usual software, to carry out the requirements 
of layers 3 and 4 of the OSI reference model. 

In another protocol effort, a European consortium led by Jac- 
ques Levasseur of Bull SA, Louveciennes, France, received the 
go-ahead from the European Community’s Esprit (European 
Strategic Programme for Research and Development in Infor- 
mation Technologies) organization to revisit OSI model layers 
3 to 7. The group’s goal is to design a high-performance protocol 
for the communications and application environments expect- 


ed in the mid- to late 1990s. 


Designated OSI 95, the project is focusing on high-speed 
LANs, metropolitan- and wide-area networks, and broadband 
integrated-services digital networks (B-ISDNs). High-perfor- 
mance applications include multimedia transmissions composed 
of voice, text, image, and video, and distributed computing sys- 
tems. The OSI standards do not meet the requirements of these 


applications at present. 


The first major step in the two-year project, begun late last Oc- 
tober, is the design, specification, and validation of a transport- 
internet protocol called TPX. Using the standard Logic Link Con- 
trol (LLC) type 1 service and offering standard transport 
connection-mode service, TPX will be based on the current OSI 
standards to facilitate migration. Its design will take into account 
as many criteria as possible aimed at simplifying implementa- 


tion in silicon. 


Chesson noted that the different groups working on the ad- 
vanced protocols tend to be in close communication and share 
their results. He predicts that a consensus among the groups is 
very likely to emerge within the time frame of OSI 95. 


Further impact on OSI 


The seven layers of the OSI protocol also received a big boost 
last year from the U.S. government, and it will likely become the 
routine way of organizing data networks worldwide, pointed out 
an industry consultant specializing in OSI matters, Richard des- 
Jardins of Annapolis, Md. This latest impetus for OSI comes 
from Federal Information Processing Standard (FIPS) No. 146 , 


Rosenblatt—Data communications 





Government Open Systems Interconnection 
HIGHLIGHTS Profile (Gosip), which became mandatory 
To oo =] last Aug. 15 for new systems procurements 

and upgrades for all Federal agencies. 

The Gosip master plan calls for 90 per- 
cent of Government equipment to be OSI- 
capable by the end of the decade, 50 percent 
by the middle of the decade. At present, only 
about 5 percent of the networked equipment 
is OSI-capable. 

Manufacturers are committed to provid- 
| ing OSIGosip products, said desJardins. 
YaS | Again, the Interop 90 Show in San Jose last 

> | October provided the evidence when 22 ven- 
| dors networked their OSI products with 
_| each other and with locations abroad, he in- 

dicated. They used OSInet, the OSI im- 
plementers’ X.25 network in the United States, as well as the 
Ethernet network at the show, and demonstrated X.400 message 
handling and FTAM file transfer. 

The era of OSI will receive another boost, continued des- 
Jardins, as the national Internet, now based on TCP/IP, imple- 
ments its OSI coexistence plan and becomes more internation- 
ally oriented. The National Science Foundation’s NSFnet, the 
Internet backbone, is already supporting CLNP, the OSI Con- 
nectionless Network Protocol that is equivalent to the IP Inter- 
net Protocol. This arrangement provides a multiprotocol back- 
bone sub-network that allows both OSI and TCP/IP parts of the 
Internet to coexist over the same routing hardware and transmis- 
sion links,. Thus another step is taken toward facilitating evolu- 
tion to OSI as time goes on. 
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Information on a global scale 





Fiber cabling carrying gigabit data rates and the metropolitan- 
area network (MAN) defined in the IEEE’s 802.6 standard will 
both play a critical role in changing the way corporations are 
wired. These two technologies will encourage large data users to 
move away from proprietary systems. 

According to Steve Bell, manager of the LAN business develop- 
ment group at National Semiconductor, great strides were made 
in 1990 by the 802.6 MAN standards committee toward well- 
thought-out techniques for interconnecting the LAN environment 
to the wide-area public-network environment. And in the WAN 
community, the idea of the fast-packet-switching ATM (Asyn- 
chronous Transfer Mode) transmission technique has been “well 
shaken out” by the worldwide technical research and develop- 
ment community, he said, with great progress made in ANSI to- 
ward standardization. 

“Globally, we’re moving toward a single, public networking en- 
vironment built upon an infrastructure of gigabit-speed fiber 
optic links, defined at the physical layer by the Sonet standard,” 
Bell continued. The Sonet (Synchronous Optical Network) stan- 
dard defines common timing for high-speed networks, ranging 
in speed from tens of megabits to tens of gigabits per second, 
and provides the mechanisms for easily multiplexing and demul- 
tiplexing low-bit-rate data in and out of a high-speed trunk with- 
out requiring several layers of a complex channel-bank equip- 
ment hierarchy. 





Ultimate networking environment 





In just 10 years, distances and time zones between computers 
will become much less important, as they begin to access one an- 
other within a global “single environment” using common pro- 
tocols over a series of internetworked global fast packet-switched 
ATM networks, Bell said. Sonet, 802.6 ATM, and B-ISDN will 
become the ultimate networking environment to share multime- 
dia voice, video, and data in one, integrated wide-area environment. 

For a perspective on what is in store for the future, consider this 
from Bell: “If networking and communications today were the au- 
tomobile industry, this would be 1915.” Sd 
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SOLID STATE 


Passing the 2-million-transistor mark 
Digital signal processors are on the march 
Enter the multimedia chip 
Photolithography lives on 


Last year saw the commercial introduction of microprocessor 
chips containing more than 1 million transistors and 1991 will 
probably see microprocessor chips with well over 2 million tran- 
sistors. Processor speeds are keeping pace; 50-60-megahertz chips 
can be expected in the next generation as 1990’s 25 MHz becomes 
taken for granted. 

Memory chips, too, grow bigger and faster. Dynamic RAMs, 
for example, are being shipped in volume in 4M-bit sizes; 16M- 
bit DRAMs are being sampled; 64-Mbit devices have been demon- 
strated [The Main Event,” p. 30]; 256-Mbit and even 1-Gbit 
devices are in development. Their access times, meanwhile, are 
falling steadily; where about 80 nanoseconds is standard now, 
about 60 ns will be the norm a year from now with standard 
CMOS technology, and 35 ns may be reached with bipolar-CMOS 
(biCMOS). 

A major beneficiary of the rising integration-performance 
curve is portable electronic equipment of all kinds. Not just desk- 
top computers but laptop, notebook, and palmtop machines are 
losing weight and consuming less power. In the offing are digi- 
tal cellular telephones no bigger than a pack of cards. 


Microprocessors with memory 


An example of higher integration at the high end of processor 
products is an 80386 variant that Intel Corp., Santa Clara, Calif., 
designed for notebook-sized personal computers. The 386 SL inte- 
grates a 386 processor with cache and main memory controllers, 
mapping logic, bus and coprocessor interfaces, and power con- 
servation logic. To go with the integrated processor chip, Intel 
offers a peripheral subsystem chip that includes, among many 
functions, a power management system that saves battery power. 
Together, the two ICs provide almost all the elements for an IBM 
PC/AT-compatible desktop computer—but on a circuit board 
of only 4 by 6 inches (10 by 15 centimeters). 

Reduced-instruction-set computer (RISC) microprocessors re- 
main controversial, although resistance to them is thawing. Major 
U.S. semiconductor houses offer them in megatransistor chips. 
For one, Motorola Inc.’s Semiconductor Products Sector, in 
Phoenix, Ariz., plans to introduce a more highly integrated ver- 
sion this year, when it adds cache memory to its RISC processor. 
IBM Corp., which makes both RISC and CISC (complex- 
instruction-set computer) microprocessors for its own use, sees 
arole for both. Big Blue is pleased with the performance of RISC 
architecture, now in its second generation, in its 6000 series of 
workstations. 

“RISC makes it easier to take advantage of high densities and 
complex wiring,” said Luis Arzubi, assistant site general man- 
ager at the company’s Burlington, Vt., semiconductor manufac- 
turing plant. “But CISC will be around for a long while because 
of the many applications and many, many lines of code that have 
been written for it.” In fact, Arzubi sees CISC chips borrowing 
features from RISC. “CISC on-board caches are larger and buses 
are wider because of RISC,” he said. 

RISC microprocessors are rapidly taking hold in embedded 
applications. Intel recently introduced a low-cost version of its 
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i960 32-bit chip. Priced at US $20, the highly integrated i960 S 
series costs about the same as many 16-bit microprocessors. The 
chip includes a 512-byte instruction cache, an interrupt controller, 
full address space, register sets, and a data bus. It is intended for 
such uses as disk controllers, network adapters, color copiers, 
printers, and facsimile machines. 

Embedded applications in general continue to grow, especial- 
ly for 16-bit microcontrollers, which, just like high-end micropro- 
cessors, are becoming more highly integrated and gaining in func- 
tionality. Manufacturers of automobiles, appliances, and 
industrial controls, for example, are upgrading from 8-bit to 16- 
bit control for faster response, and semiconductor manufacturers 
are making it easy for them by offering 16-bit microcontrollers 
that can use the same source code as their 8-bit predecessors. 
Motorola’s 68HC16, to become available early this year, can oper- 
ate on the same software as the 8-bit 68HC11. The new unit, more- 
over, includes digital signal processing as well as on-chip peripher- 
al functions. Chrysler Corp., Highland Park, Mich., will use the 
new device in engine control. 

Intel, too, in its new 16-bit microcontroller offerings, includes 
versions with 8-bit buses and provides adaptation tools so that 
equipment designers can upgrade without losing software in- 
vestments. 

High integration levels are permeating even low-end microcon- 
trollers. Motorola developed a version of its 8-bit 68HCO0S5 for 
Apple Computer Inc., Cupertino, Calif., that includes a phase- 
locked-loop oscillator, a clock-interrupt circuit, and 364 bytes 
of RAM as well as a central processing unit (CPU). Apple uses 
the chip in its low-cost Macintosh LC and [PI]si machines. Moto- 
rola is now offering the chip as a standard product. 

Image processing is a prime application of embedded high- 
end CISC microprocessors, just as it is for embedded RISC 
microprocessors. National Semiconductor Corp., Santa Clara, 
Calif., for example, introduced the 32-bit NS32GX320, which, 
in addition to a CPU, includes digital signal processing, concur- 
rent processing, direct memory access (DMA) control, program- 
mable timing, and 15-level interrupt control. Its high level of in- 
tegration can reduce component count by 20 percent, board space 
and power consumption by 25 percent, and equipment cost by 
up to 30 percent, its developers say. Russell Johnsen, director of 
National’s imaging group, foresees its use in multifunctional desk- 
top imaging units that combine fax, printing, scanning, and 
copying—and even voice mail. 


DSP catching up 


Digital signal processor (DSP) chips are adding enormous func- 
tionality to desktop computers and workstations. Many foresee 
that a DSP chip will eventually have equal status with the 
microprocessor in these units. Anne C. Schowe, director of market 
development with AT&T Microelectronics, Berkeley Heights, N.J., 
predicts that by 1992, high-resolution graphics and video will be 
common in PCs, and perhaps by 1995, PC-based video conferenc- 
ing with TV-quality images will be taken for granted. 

To this end, AT&T announced a low-cost “multimedia” chip, 
the DSP3210, that can provide video images and high-quality 
graphics on the screen and, simultaneously, high-quality sound. 


IEEE SPECTRUM JANUARY 1991 








It is directly compatible with Intel’s and 
Motorola’s 32-bit microprocessors. The chip 
is expected to be available in sample quan- 
tities in June and in volume production by 
the end of 1991 at a price of $50. Schowe 
promised more DSP product announce- 
ments this year. 


Motorola and Texas Instruments Inc.,. 


Dallas, offer a variety of DSPs, including 
some recently announced high-performance 
chips. TI’s TMS320C31 is a highly integrat- 
ed device that makes the accuracy and dy- 
namic range of floating-point operations af- 
fordable in applications that have had to rely 
on fixed-point computation until now. Ap- 
plications include high-speed modems, voice 
recognition, transcoders, robot control, 
hard-disk control, as well as multimedia. 
Samples of the 26-MHz clock rate chip are 
now available for $35. The company expects 
to introduce a 33-MHz version early in the 
year. 

Motorola’s top-of-the-line DSP, the 


96002, is a 32-bit floating-point version of 
the company’s 24-bit 56001, which is widely used in digital audio 
electronics. The 32-bit chip is designed for full-motion-video com- 


HIGHLIGHTS 


Success: Memories set the pace as the 4M-bit 
generation of dynamic RAM chips was produced 
in volume and the 16M-bit generation was sam- 
pled widely. 

Shortfall: Efforts to spur national and supranational 
cooperation in the manufacture of advanced mem- 
ories suffered setbacks. A U.S. consortium, U.S. 
Memories Inc., fell apart over financing. A Euro- 
pean consortium of chip manufacturers and 
governments, Jessi, was hurt by Philips’ decision 
to cut back its IC work. 

Notable: Companies allied to share the stagger- 
ing costs of developing and producing ICs: IBM 
with Siemens, AT&T with NEC, Texas Instruments 
with Hitachi, Motorola with Toshiba. 
Newsmaker: William J. Spencer who took over as 
president and chief executive officer at Sematech 
when Robert N. Noyce, coinventor of the IC, died. 
Spencer came to the manufacturing technology 
consortium from Xerox Corp., where he was vice 
president and senior technical officer in the cor- 
porate research group. — 





Calif., joined the ranks of suppliers with a 
1M-bit flash memory having the low access 
time of 90 ns compared with the usual 120 
or 150 ns. Price is less than $10. AMD 
promises a 2M-bit device before July. 

Intel makes a flash memory card contain- 
ing an array of ultraviolet-light-erasable 
programmable ROM (EPROM) tunnel 
oxide devices in a package with the same 
length and width as a credit card and only 
about four times the thickness. Inserted in 
a portable computer, the card can be down- 
loaded from a desktop to provide light- 
weight, low-power storage for application 
code, data files, and data acquisition. The 
card has either 1M- or 4M-bit capacity. Intel 
notes that its mean time between failures is 
1 million hours vs. 50 000 hours for a 
mechanical disk drive. Fujitsu Ltd., 
Kawasaki, Japan, will also make the Intel 
flash memory card. 

RAM manufacturers are racing harder 
than ever to be first with the biggest or 
fastest. In dynamic RAMs (DRAMs), 1M- 


bit chips are commonplace. Second-generation 4M-bit DRAMs 
are now in volume production with improved characteristics— 


faster access times, for example. Hitachi Ltd. and Toshiba Corp., 
both in Tokyo, now make 4M-bit DRAMs on smaller chips with 
an access time of 60 ns—20 ns shorter than their predecessors. 
The first 16M-bit DRAMs are reaching equipment developers. 
Samsung Electronics Co. in Seoul, South Korea, and Toshiba an- | 
nounced availability of samples in late summer. Texas Instruments | 
) 
\ 


pression and decompression, animation, color printing and fac- 
simile, as well as data telecommunication. Both 27- and 33-MHz 
versions are in volume production, and a 40-MHz version will 
be available sometime during the first half of this year. The 27- 
MHz unit costs $200. 


Memories grow 





and Hitachi joined them in November, as did NEC Electronics, 
Tokyo, in December. The next giant step is 64M bits, as the pace 
accelerates, and experimental prototypes have started to appear. 
floppy disks—in fact, they may be the only choice for palmtop Static RAMs, valued for their speed but hampered by their rela- 
computers. Advanced Micro Devices Inc. (AMD), Sunnyvale, tively large cell size, lag a generation behind DRAMs in capaci- 


STREAMLINING MANUFACTURING 


SHOJIRO ASAI: tial of those technologies—flash memory, multichip packaging, 
low-voltage circuits, heterojunction devices, optical interconnec- 
EXPERT OPINION tions, and redundancy techniques, to name a few—is vast. 

A perhaps more daunting challenge than meeting the chal- 
lenge of product definition is the need to streamline manufac- 
turing. We must reduce the heavy capital investment for new, ad- 
vanced semiconductor plants and increase the efficiency with 
which we run them. Progress in manufacturing technology and 
equipment has been stunningly fast, but it has been pro- 
cess-specific; it has left us with cluttered pieces of different types 
of equipment in large, expensive clean rooms. To a large extent, 
this legacy accounts for soaring capital expenses. We must find 
ways to integrate independent process modules efficiently, in- 
crease throughput, and thereby reduce our costs. 

Some argue that robots and clean containers—rather than 
clean rooms—will help us utilize equipment more efficiently. 
Others have begun looking at clustered tools for several process 
modules to form a multichamber machine that would help to min- 
imize defects and maximize efficiency. In the effort to eliminate 
clean rooms, some engineers have been transporting wafers on 
air bearings in clean tunnels, with some success. 

And, of course, computer control will play a key role in integrat- 
ing manufacturing. Whatever the solution, mass-producers of 
semiconductors will have to streamline their operations to sur- 
vive in this decade. 





Flash memories grow in popularity; many see these nonvola- 
tile, reprogrammable devices eventually supplanting hard and 


‘Mass-producers of semiconduc- 
tors will have to streamline their 
operations to survive in this 
decade.’ 


The 1990s will see large, extremely 
high-speed, high-data-rate electron- 
ic systems on the one hand and 

- ~ ~ marvelously compact, mobile, light- 
welahe electronics on the other. The latter will exert a larger in- 
fluence by far on the market and on people's lives. This presents 
us with a challenge: what kind of integrated circuits shall we build 
to meet the needs of the ’90s? There will be no unique answer; 
it will depend on each company’s business emphasis. And so we 
will see such IC variations as high-speed microprocessors with 
increased parallelism, high-definition video chips with analog and 
memory interfaces, voice processor chips with adaptive recog- 
nition capability, mobile communication chips with low power 
consumption, intelligent power ICs for vehicle control, and, of 
course, plain old memories. We will also see more and more of 
these functions integrated on a single chip. 

As always, the true challenge is product definition, but with 
the enhanced resources of 1990s microelectronics, it is more 
acute; business decisions are inextricably entwined with the tech- 
nology outlook: what new technology is coming and when? The 
designer who matches what people want (consciously or uncon- 
sciously) with what emerging technologies can do will exploit 
the potential of the 1990s to the fullest. And the combined poten- 
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ty. The IM-bit SRAM occupies a position like 4M-bit DRAMs; 
manufacturers are refining the product. Toshiba now offers a 
256K-bit device with a 17-ns access time, for example. 

One-megabit SRAMs are available from such companies as 
Hitachi, Samsung, NEC Electronics, Motorola, and VLSI Tech- 
nology Inc., San Jose, Calif. VLSI’s device, which it developed 
jointly with Hitachi, gives access to data in 35 ns and dissipates 
extremely low power—350 milliwatts in active mode, 100 
microwatts in standby. It is intended for large cache memories. 
Motorola reportedly is testing its 1M-bit SRAM at 25 ns. 

Toshiba announced an operating prototype 4M-bit SRAM. The 
CMOS memory uses thin-film transistors and 0.5-micrometer 
lithography to cram the memory cells on a tiny 7.8-by-17.4- 
millimeter chip. Each cell is overlaid by two thin-film transistors, 
which lie in an oxide film over the chip instead of side by side 
with the other four transistors. Toshiba measures a 23-ns access 
time. 


Logic topics 


Microprocessors and memories, of course, do not exist in- 
dependently; they are tied together by logic, and here, too, the 
combined forces of chip expansion and geometry contraction are 
at work. Gate arrays, programmable-logic devices (PLDs), and 
so forth, grow steadily in their numbers of cells. 

NCR Corp., San Jose, Calif., has gone into production with 
its submicrometer CMOS gate-array series, VGX700, with up to 
169 000 gates per chip. Typical delay for a two-input NAND gate 
with a fanout of two is 390 picoseconds. 

Motorola will introduce this year its H4C series in CMOS 
arrays of up to 318 000 available gates—three times the number 
in its previous gate array family. Chips with up to 195 000 gates 
will become available in April; the full 318 000 gates will become 
available sometime in the second half of the year. With a gate 
speed of 180 ps, the series is fast enough for 60-MHz processors. 
A key advantage of large arrays, according to Douglas Powell, 
Motorola’s vice president and director of technology and plan- 
ning for the company’s operations in Phoenix, Ariz., is that equip- 
ment suppliers can use them to add distinctive, customized fea- 
tures to highly integrated microprocessors with on-board cache 
memory. 

TI went into production with fast PLDs—maximum propa- 
gation time is 5 ns, versus 7 ns for the previous generation. Mini- 
mum cycle time is 125 MHz. The bipolar chips are in 20- and 24- 
pin versions. 

Fujitsu is manufacturing high-density emitter-coupled logic 
(ECL) gate arrays with on-chip memory. The chips contain about 
14 500 gates with speeds of 80 ps unloaded, 250-350 ps loaded, 
and an address access time of 3 ns. One version holds 40K bits 
of RAM; the other, 160K bits of ROM. 

Analog Devices Inc., Norwood, Mass., succeeded in combin- 
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ing high-performance analog-to-digital and digital-to-analog con- 
verters with its DSPs by adopting a primarily digital approach 
to conversion. The problem has been that conversion circuitry 
requires a different kind of IC processing from the CMOS pro- 
cesses used for DSPs; attempts to form both conversion and DSP 
circuitry in the same chip meant that one or the other—or both— 
suffered. 

Analog Devices circumvented the problem by using oversam- 
pling for conversion, quantizing an analog signal with low reso- 
lution (1 bit) and a high sampling rate (2 MHz), then resampling 
this digital signal to obtain a new digital signal with 16-bit reso- 
lution at 8 kilohertz. The net effect of this strategy is to shift the 
need for precision from the analog circuitry of the converter to 
the digital circuitry of the DSP, which is far less sensitive to noise. 
“Oversampling is a ‘brute force’ method of conversion,” said Wil- 
liam Schweber, Analog Devices’ senior technical marketing en- 
gineer. “Some might not consider it elegant—but it’s effective.” 
The company’s ADSP-21msp50 is intended for digital mobile 
radio, where it can interface directly with speakers and micro- 
phones, other voiceband signal processing, and active noise can- 
cellation. 

Although demand for neural networks has grown little, many 
neural network systems are in development, and the potential is 
enormous for applications in real-time speech, character, and pat- 
tern recognition in general. Intel’s electrically trainable analog 
neural network chip should advance such applications, with its 
2-billion-connection-per-second speed. The chip contains 64 ana- 
log neurons and 10 240 synapses; a more advanced version, with 
an on-chip learning algorithm, will be introduced in March. 

Mark Holler, Intel’s neural network program manager, fore- 
sees major increases in density; neural networks will follow the 
same scaling trend as digital circuits, but, in addition, the cells 
per chip will take a large, one-shot jump when chip designers re- 
duce the number of transistors per cell from 12 to as few as two. 
This will yield a one-time increase in cell density of three to five 
times, Holler said. 

Adaptive Solutions Inc., Beaverton, Ore., favors a digital ap- 
proach to neural networks. Digital neural chips can be more easily 
integrated into digital microprocessor-based systems, without ex- 
tensive interfacing logic. On-chip learning algorithms train Adap- 
tive Solutions’ chips in seconds instead of the hours usually re- 
quired with external training hardware. The company reports a 
processing speed of 1.6 billion connections per second with 8- 
or 16-bit weights assigned to neurons and 12.8 billion connec- 
tions with 1-bit weights. 

This year, sales of speedy gallium arsenide ICs are expected 
to surpass one-quarter of a billion dollars; by 1994, sales are ex- 
pected to exceed $1 billion. Most of the growth will be in com- 
mercial high-speed computer and high-frequency communica- 
tion applications, rather than in military as in the past. 


Signal processing 





The design of an advanced digital signal processor, above, by Analog Devices Inc. for digital mobile 
radio, shifts the need for precision from the analog circuitry of the converter to the digital circuitry, 


which is far less sensitive to noise. 
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A key GaAs development was 
reported at December’s Internation- 
al Electron Devices Meeting in San 
Francisco when researchers from 
Honeywell Inc., Bloomington, 
Minn., announced a 1000-bit RAM 
based on complementary GaAs 
field-effect transistors. The memo- 
ry combines the speed of GaAs and 
the low power consumption or- 
dinarily associated with silicon 
CMOS chips. 

At the same meeting, researchers 
at IBM’s Thomas J. Watson Re- 
search Center, Yorktown Heights, 
N.Y., showed that silicon can com- 
pete with GaAs as a material for 
ultrahigh-speed digital circuits. 
They operated silicon bipolar tran- 
sistors at 76 gigahertz at room tem- 
perature and 94 GHz at 85 K—the 
fastest speed ever reported for a sili- 
con three-terminal device, and twice 
as fast as the best results in silicon 
reported at the preceding year’s 
meeting. 1989 90 1 

Thunderbird Technologies Inc., a 
start-up firm in Research Triangle Park, N.C., created a stir with 
its announcement of tests of digital silicon circuits at 398 MHz 
at room temperature, about four times the supposed limit for this 
technology. The chips were made on a standard CMOS produc- 
tion line. W. Andrew Grubbs, Thunderbird’s president, said the 
company’s engineers reviewed “the first principles of semicon- 
ductor theory and solved some hideous equations.” They found 
that by tuning parts of the circuits independently and using un- 
conventional circuit layouts, they can produce chips that have ex- 
tremely high switching rates and need 70 percent fewer transis- 
tors. Thunderbird will “author” chips, Grubbs said, producing 
design tapes for use by third-party manufacturing facilities. He 
hopes to have a product—perhaps an SRAM for workstations— 
within two years. 
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Alliances, easy and uneasy 


The year 1990 was one of associations of convenience, some 
of which ended unhappily. Negotiations between IBM and Moto- 
rola to license IBM’s 4M-bit DRAMs, never acknowledged by 
the participants, collapsed in October, according to press reports. 
Instead, Motorola will use Toshiba’s technology to make them. 
(It already makes 1M-bit SRAMs under license from the Japa- 
nese company.) Motorola did agree, however, to participate in 
R&D on IBM’s synchrotron X-ray lithography. 

IBM also threw in its lot with Munich’s Siemens AG to jointly 
develop 64M-bit DRAMs. Joint activities are proceeding at IBM’s 
Advanced Technology Center in East Fishkill, N-Y.; later work 
will use the production resources of both partners, who share 
costs equally. 

Micron Technology Inc., Boise, Idaho, was licensed to use IBM 
DRAM technology. IBM, which manufactures ICs for its own 
use only, provided Micron with process technology and chip de- 
sign for its 4M-bit DRAM. Micron has long been a chip suppli- 
er to IBM and may now produce and sell the 4M-bit devices to 
IBM and to other companies as well. 

In Europe, an alliance of Philips NV of the Netherlands, Sie- 
mens AG of Germany, and the Italian-French SGS-Thomson 
Microelectronics BV faltered when Philips withdrew much of its 
support, citing economic difficulties. The alliance was already 
in pilot production of IM-bit SRAMs and was working on larg- 
er chips. 

A legal feud between Motorola and Hitachi over patent in- 
fringements approached a positive resolution when the compa- 
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é : nies agreed to negotiate their differ- 
World gallium arsenide IC merchant market ences. A court-imposed ban on 


shipments of Motorola’s 68030 
microprocessor to customers was 
thus avoided. 

In a transpacific agreement, 
AT&T Microelectronics and NEC 
Electronics, Japan’s largest chip 
producer, announced they will ex- 
change technology and designs and 
cooperate in manufacturing. The 
companies will cross-license 
application-specific IC fabrication 
and computer-aided design 
methods for an initial period of five 
years. 

Sematech Inc., the Austin, Texas, 
consortium of 14 U.S. semiconduc- 
tor manufacturers, continues its de- 
velopment of equipment, materials, 
and processes for future IC genera- 
tions to be shared by its sponsors. 
Sematechi suffered a serious setback 
in the untimely death of its presi- 
dent and chief executive officer 
Robert Noyce, a pioneer in integrat- 
ed circuits. William J. Spencer, for- 
merly group vice president of corporate research at Xerox Corp.’s 
headquarters in Stamford, Conn., was named to replace him. 
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New life for photolithography 


Lithographic techniques made major advances. Commercial 
electron-beam lithography machines were introduced. Lepton 
Inc., Murray Hill, N.J., announced its EBES4, which can write 
up to five 8-inch wafers per hour with feature sizes smaller than 
0.4 micrometer. The machine uses standard optical steppers. 

Perkin-Elmer Corp., Norwalk, Conn., sold its prestigious Elec- 
tron Beam Technology Division to a group of employees with 
equity participation from several large U.S. companies. The Hay- 
ward, Calif., company offers Perkin-Elmer’s machines as well as 
IBM- developed electron-beam technology. 

X-ray lithography is in a state of ferment. Japanese developers 
favor large synchrotron-based systems, while many U.S. research- 
ers tend to believe that smaller laser-pumped sources are best for 
them. IBM has contracted with Hampshire Instruments Inc., 
Rochester, N-Y., for a demonstration of soft X-ray photolithog- 
raphy for 0.5-micrometer-feature circuits. Hampshire will 
manufacture X-ray masks, expose test wafers with a laser-based 
source, and provide test results. 

Meanwhile, there seems to be surprising life left in photolithog- 
raphy. Canon U.S.A. Inc., Lake Success, N-Y., will make avail- 
able this spring an i-line (ultraviolet) stepper for 16M-bit DRAM 
production. Using i-line photolithography and phase-shifting 
masks, Fujitsu succeeded in fabricating an experimental 64M- 
bit DRAM. 

Another untraviolet system, Micrascan, jointly developed at 
acost of over $100 million by IBM and Perkin-Elmer, is further 
evidence of the resurgence of optical photolithography. Micra- 
scan uses a laser to generate deep ultraviolet rays and an innova- 
tive lens system to write patterns at high speed. Perkin-Elmer, 
which plans to concentrate on its instrument products, spun off 
Micrascan and other lithographic equipment lines to IBM and 
the Silicon Valley Group (SVG), a San Jose-based supplier of 
semiconductor production equipment. Sematech has promised 
support for the joint spinoff, SVG Photolithography Systems Inc. 

Many proponents believe that photolithography will even be 
able to form the superfine (0.3 »m and less) patterns needed in 
256M-bit memories. Then, when the world is ready for 1G-bit 
chips, X-ray and electron-beam lithography would come to the 
fore. ¢ 
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TEST AND MEASUREMENT 


Design-for-testability products in vogue 
Communications testing diversifies 
Artificial intelligence in a tester 

VXI blossoms 


Boundary scan, a method for designing testability into micro- 
electronics and printed-circuit boards, came to market in 1990 
in an array of products ranging from application-specific ICs 
(ASICs) to logic analyzers. 

Furthermore, the quickly changing field of communications 
testing was marked last year by the bid of a new analysis tech- 
nique, modulation domain analysis, for mainstream applications 
inside and outside communications, including disk-drive testing. 
And the adoption a few years ago of a standard for the VXI (VME 
extensions for instrumentation) modular instrumentation bus is 
finally bearing fruit in a cornucopia of new products. 

The explosion of boundary-scan products was set off by the 
approval of a standard implementation of the method by the 
IEEE and the New York City-based American National Stan- 
dards Institute (ANSI/IEEE Std 1149.1) last year. The standard 
is based on a proposal developed by the Joint Test Action Group 
(JTAG), an international collaboration of electronics companies 
initiated by Philips NV, Eindhoven, the Netherlands. 

Boundary scan is increasingly viewed as imperative by systems 
companies, which have been seeking reliable ways of testing highly 
complex, miniaturized pc boards. Surface-mounted pc boards 
that contain state-of-the-art ICs such as microprocessors and 
high-pin-count ASICs cause particular test problems because in- 
terior test points on the board are difficult to probe. Boundary 
scan eliminates the need for probing; features built into ICs ac- 
cess the test points “electronically.” Scan cells on the ICs feed 
logic states serially in and out during testing. 

Most ASIC vendors now include boundary-scan cells in their 
libraries of standard cells—the circuits they offer for building 
ASICs. Some, such as Motorola Inc., Schaumburg, IIl., have 
begun to build boundary-scan circuitry into every ASIC. AT&T 
Co. and others also offer built-in-self-test (BIST) cells that operate 
in conjunction with boundary scan, allowing circuitry within ICs 
to be tested after they are mounted on a pc board. 

Boundary scan is also being built into off-the-shelf “catalog” 
ICs. Texas Instruments Inc., Dallas, announced several products 
in 1989, including a range of 8-bit octal devices, such as buffers 
and latches, that can be used to partition a board into testable 
units. Also available are scan path selectors and linkers that con- 
nect octals and other boundary-scan devices as desired to test only 
portions of a circuit for quicker access. In 1990, the company 
announced two digital signal-processing (DSP) chips, the 320C51 
and 320C40, that not only contain boundary-scan features, but 
also allow use of the serial access paths during the emulation pro- 
cess used to debug processor code. Also announced in 1990 was 
a digital bus monitor chip that can gather data during normal 
operation of the pc board at the system’s clock speed, as opposed 
to serial off-line testing. 

The Motorola 68040 microprocessor, introduced last year, was 
the first general-purpose processor to conform fully to the new 
boundary-scan standard, but the MIPS R4000 from MIPs Com- 
puter Systems Inc., Sunnyvale, Calif., and the 80486 from Intel 
Corp., Santa Clara, Calif., are rumored to follow suit. 

Vendors of IC testers, now experiencing sluggish sales, are 
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capitalizing on the boundary-scan boom by offering scan-testing 
software add-ons for existing products. Board test vendors— 
including GenRad Inc., Concord, Mass.; Teradyne Inc., Boston; 
and Hewlett-Packard Co., Palo Alto, Calif.—are also offering 
boundary-scan options for their products. In contrast, Motoro- 
la and Schlumberger Ltd., Paris, France, have jointly developed 
a tester called Typhoon specifically for scan testing of ICs, and 
Brothers Electronics Inc., Sunnyvale, Calif., has developed a tester 
for boundary-scan PC boards. 

The arrival of the boundary-scan standard has led to a new 
class of tester, based on the personal computer. TI and Alpine 
Image Systems, Los Altos, Calif., have developed plug-in boards 
that allow IBM-compatible PCs to be used for boundary-scan 
testing. According to Pete Fleming, TI’s technical program man- 
ager for corporate testability, these low-cost testers are more flex- 
ible than the products offered by automatic test equipment (ATE) 
manufacturers since they can be used on the lab bench and in 
the field. Similar low-cost testers can be built by systems com- 
panies themselves using test bus master ICs offered by AT&T and 
TI that convert between standard microprocessor buses and the 
serial boundary-scan protocol. 


AE UU mY YY 


RICHARD D. THORNTON: 
EXPERT OPINION 


‘There must be a reduction of com- 
plexity so that users. . .can cope 
with design, installation, operation, 
and maintenance of the system.’ 


Instrumentation designers are high- 
ly creative in employing the latest 
semiconductor device technology 
to construct ever more accurate, 
sensitive, and complex instruments. Designs based on the new 
VXI bus and the latest quantum-effect standards will change the 
way sophisticated systems are developed and used. But like the 
mainframe computer, these systems are expensive and designed 
to be operated by highly trained professionals. However impor- 
tant, they do not represent the main growth potential or prob- 
lem areas for the instrumentation industry. The future belongs 
to instrumentation systems for nonscientists. 

An instrument system integrates sensors, data processing, 
communication, controls, and user interfaces. It employs dis- 
tributed sensors with local display and control, but requires cen- 
tralized data processing for overall control of entire processes. 
The goal is lower cost, improved performance, and reduced com- 
plexity of each system component, but increasing complexity 
of the complete system and its intended function. 

The following complex instrumentation systems are either in 
operation or planned; each involves over 100 instrumentation 
components, a central computer, and customized software: 

e A water-purification control system, with sensors and displays 
scattered over a large area, controlling a multitude of pumps, 
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The first small instrument to incorporate 
boundary scan in its circuitry is the Philips 
PM 3580 logic analyzer. According to [> 
Philips and John Fluke Manufacturing Co., | 
Everett, Wash. (which sell each other’s 
products in a global alliance), the addition 
has reduced service time. The boundary- 
scan circuitry and interconnections can be 
tested, as well as the functional circuitry. 

Researchers at many companies and 
universities are developing new ways of using 
the standardized test features. A three-year 
project supported by the Commission of the 
European Community (CEC) was begun 
last year to develop new ASIC products, testers, design automa- 
tion and test generation tools, and algorithms for fault diagno- 
sis. 

The project, involving staff from nine European companies 
led by Philips, will culminate in a demonstration of how these 
products can be efficiently linked. 


Hard times for ATE 


ATE vendors are trying other strategies to rejuvenate their mar- 
kets. Some are integrating many functions in one tester and others 
are making systems smaller and cheaper. Teradyne and HP in- 
troduced modular IC testers, Teradyne’s 200-megahertz J971 sys- 
tem and the 400-MHz HP 82000, in which the customer can 
choose only the functions needed to keep costs down. Sienna 
Technologies Inc., Eagan, Minn., is concentrating on offering 
unique testing capability, such as electromigration, in its ITS8000 
station. 

The high costs of gallium arsenide microwave and millimeter- 
wave ICs (MMICs), whose development the U.S. Department of 
Defense is funding through its Mimic program, has shifted the 
focus of testing from the completed package to the wafer level 








valves, and alarms. 

¢ The nerve center of a large racing sailboat with sensors and 
displays throughout the boat and a computer providing steer- 
ing, navigation, and performance-enhancing advice. 

¢ Anelectric-utility monitoring system using remote sensors and 
sophisticated signal processing to identify potential failures in 
transformers, circuit breakers, pumps, and valves. 

¢ A magnetic levitation system using distributed sensors and 
controls for automated guideway monitoring and remote align- 
ment adjustment. 

A key problem in all these systems is the interconnection of 
and communication between instrument hardware and software 
from a variety of manufacturers. There must be a reduction of 
complexity so that users who are intelligent but not instrumen- 
tation gurus can cope with design, installation, operation, and 
maintenance of the system. This implies a variety of standards, 
some by committee and some de facto. 

IEEE standards seem destined to play an important role. Al- 
though most instruments today still use 4-20 mA, EIA-232, or 
IEEE 488 communication, the trend is to high-speed twisted-pair, 
coaxial, or optical-fiber cables—or even no cables at all! While 
some within the industry debate digital standards to replace 4-20 
mA, such as the Fieldbus, most manufacturers have already 
adopted computer communication standards such as Ethernet, 
Cheapernet, or Token Ring. These IEEE 802.x. systems are sup- 
ported by ICs from a variety of manufacturers, and hardware for 
Cheapernet costs the same as for the vastly inferior 4-20 mA. 

In light of the importance to the instrumentation industry of 
communications standards that do not originate with it, | would 
pick the most important instrumentation development of the last 
year as the totality of new ideas for communications, some of 
which will certainly play a major role in future instrumentation 
systems. It is impossible to predict the winners, but here is an 
incomplete list of candidates: 
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in order to catch problems as early as pos- 
sible. One of the roadblocks has been mak- 
ing a wafer probe that can handle frequen- 
cies as high as 100 gigahertz. Cascade 
Microtech Inc., Beaverton, Ore., moved 
closer to that goal this past October with the 
introduction of a 75-GHz probe. 

The cost of testing itself is a large contrib- 
utor to device cost; a few years ago, it con- 
tributed as much as 80 percent, according 
to Gary Roberts, HP’s MMIC marketing 
manager. But faster and more efficient test- 
ing has brought it down to between 40-60 
percent today, he said. 


Time and frequency 


A new technique for communications measurements made a 
bid for mainstream applications last year with the introduction 
of the HP 53310A modulation-domain analyzer. The instrument 
gives a real-time display of frequency vs. time—a hybrid of the 
oscilloscope’s amplitude vs. time display and the spectrum analyz- 
er’s amplitude vs. frequency display. It can also display time in- 
tervals vs. time. A higher-performance modulation-domain 
analyzer, the HP 5371, was introduced in 1988, but its US $30 000 
cost was out of reach for most applications. HP is counting on 
the $9500 price tag of the new instrument to make modulation- 
domain analyzers as common as oscilloscopes. 

The HP 53310A, lacking the higher frequency range and com- 
putational sophistication of the HP 5371, boasts the advantage 
of real-time display (20 updates per second) since it need not store 
data for complex computations. HP’s R&D project manager for 
the 53310A, Perry Jeung, told JEEE Spectrum that customers 
have been finding new applications for the technique since its 
introduction. It is particularly suited to analyzing signals that 
are modulated in frequency, such as frequency-agile, phase-locked 


e 10Base-T, the new IEEE standard for high-speed data transfer 
over twisted-pair wires. 

¢ LAWN, local-area wireless network, from O’Neill Communica- 
tions Inc., Princeton, N.J. 

e Ardis, advanced radio data information service, a Motorola- and 
IBM-originated cellular-radio data network. 

e Apple’s Data Personal Communications using the 1.7-2.3- 
gigahertz band. 

e¢ A new consumer electronics system using power-line wiring 
for data exchange. 

e FDDI (Fiber Distributed Data Interface) for very high band- 
widths. 

¢ Radio cellular telephone systems based on code division mul- 
tiplexing. 

e Wireless in-building network (WIN), Motorola Inc.’s new 18- 
19-GHz microwave system. 

The challenges these new technologies and standards face 
are difficult: can instrumentation systems emulate the user- 
friendliness of the Macintosh with simple menus and common 
conventions between various manufacturers’ hardware and soft- 
ware? Can standards encourage creativity as well as allow users 
to install, operate, and maintain instrument systems with little 
or no reference to a manual and to service them by modem and 
facsimile machines? Can instrumentation designers use estab- 
lished modem communication technology? 


Richard Thornton (SM) is professor of electrical engineering and com- 
puter science at the Massachusetts Institute of Technology (MIT), Cam- 
bridge, where he teaches microprocessors and electronic circuits 
courses and researches magnetic levitation for high-speed ground trans- 
portation. He is a founder of and consultant to Thornton Associates, 
Waltham, Mass., a manufacturer of networked instrument systems for 
fluid processing. His degrees include a B.S. from Princeton University, 
New Jersey, and an S.M. and Sc.D. from MIT, all in electrical engineering. 
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loop, and signals found in voltage-controlled oscillators, air- 
traffic control, and cellular telephone applications. But it can also 
be used in communications and disk drive applications to meas- 
ure the unintended modulation (jitter) on signals; it can display 
jitter vs. time directly. 

The analyzer also can shed light on vibration problems in 
mechanical systems by measuring frequency variations in a trans- 
ducer output over time. A recently discovered application is to 
characterize the rotating polygon mirror in laser printers. 

Tektronix’ approach to analyzing frequency-hopping signals 
and others that change quickly in frequency is real-time spectrum 
analysis, first made available in 1989 in the 3052 digital-signal 
processing system. Conventional fast Fourier transform (FFT) 
technology for translating signals into the frequency domain 
usually allows measurements to be taken no faster than every 20 
milliseconds. Thanks to a uniquely designed bank of parallel 
filters and parallel processing features, the 3052 can make meas- 
urements 100 times as quickly, translating to a real-time band- 
width of 10 MHz (the instrument can measure modulation and 
carrier frequencies up to 325 GHz using block downconverters). 
Consequently, the instrument can characterize intermittent or elu- 
sive low-power signals, frequency-hopping transmitters, and data 
channels during bit error conditions. 

With a $99 500 price tag, the 3052 is considerably more ex- 
pensive than the HP 53310A modulation domain analyzer. But 
according to Tektronix marketing manager Douglas Goodman, 
the 3052 is much more adept at measuring signals in noisy en- 
vironments than the 53310A, which is better suited for the “clean” 
signals found in production or disk-drive testing. Furthermore, 
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Goodman said, the 3052 has the advantage of charac- 
terizing a signal in three dimensions—amplitude, fre- 
quency, and time—rather than the two dimensions 
offered by the HP 53310A, and so is better at meas- 
uring elusive spectral events. 

A more specialized testing problem is engendered 
by the digital cellular radio system that is planned for 
implementation across Europe next year by the Eu- 
ropean Economic Community’s Groupe Spéciale Mo- 
bile (GSM). It operates with a time-division multiple 
access (TDMA) signal that has been difficult to meas- 
ure with spectrum analyzers and which would not suc- 
cumb to a modulation domain analyzer either. Last 
year, HP developed time-gated spectrum analysis to 
handle these signals. 

Designed to increase the capacity of mobile-radio 
bandwidths, the TDMA method uses multiplexing to 
allow several users to transmit simultaneously at the 
same frequency. Each TDMA frame contains pieces 
of data from eight or fewer separate transmissions, 
but since they are all at the same frequency, most spec- 
trum analyzers cannot sort them. 

When equipped with the proper options, the HP 
8590 family of portable spectrum analyzers can oper- 
ate using a time-gate circuit board that can turn meas- 
urement on and off so as to display only the data seg- 
ment of interest. Software introduced last year makes 
it much easier to specify the control of the time gate. 
Called a personality card, this credit-card-sized pack- 
age downloads software into the analyzer to transform 
it into a dedicated GSM tester. 


Smart testers 


Networks of computer-controlled instrumentation 
(“Instrumentation for nonscientists,” p. 56] can pro- 
vide an added benefit, especially for complex IC test- 
ing. Information and simulations generated during 
the design stage can be fed directly into the manufac- 
turing environment to generate test programs auto- 
matically. For example, Giordano Associates, Pine 
Brook, N.J., is peddling a product called Smart 
(smart, mobile, and reconfigurable tester) that uses knowledge- 
based automatic diagnostics to test systems, boards, and digital 
and analog components. 

Using simulation data from a computer-aided engineering 
workstation, Smart conducts a testability analysis, generating a 
matrix of potential symptoms and faults that can be updated as 
more information is learned. Then a test program is developed 
with the help of the user and run on a 25-MHz tester. Packaged 
in either a PC-based system, the PC 2000, or a VXI-based sys- 
tem, the VXI 2000, Smart comes in at under $50 000. 

The VXI standard, an instrumentation bus for modular instru- 
ments that can be mixed and matched for plug-in to a VXI chas- 
sis, finally broke through in a wealth of products last year. Since 
the standard was established in 1987, manufacturers have been 
slow to take it up for a number of reasons, one of which was cus- 
tomer concern about higher cost. 

The first products introduced after the standard was im- 
plemented were the chassis and then embedded controllers. Four 
different sizes of chassis (A through D from smallest to largest) 
are included in the standard. However, most products are gravitat- 
ing to the C and B sizes (B is comparable to portable or benchtop 
instruments). A B-size embedded controller was introduced last 
year by RadiSys Corp., Beaverton, Ore., and a C-size controller, 
compatible with IBM PC AT and Macintosh computers, became 
available from National Instruments Corp., Austin, Texas. 

Racal-Dana Instruments Inc., Irvine, Calif., introduced a time- 
interval analyzer and an RF chassis, and HP added a B-size 500- 
MHz oscilloscope to its line of VXI multimeters, counters, timers, 
digital-to-analog converters, and relay multiplexers. Sd 
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Clear future for fuzzy logic 

MAP and CIM advance 

CNC takes to RISC 

X-ray laminography resolves 25 micrometers 


Fuzzy logic, intelligent control, and computer-integrated 
manufacturing (CIM) are hot topics in industry, and for good 
reason—all are seen as improving manufacturing flexibility and 
reducing costs. At the same time, advanced computer numerical 
control (CNC) based on a reduced-instruction-set computer 
(RISC) chip is expected to sharpen precision in high-speed 
machining. There are also notable advances towards an open sys- 
tem architecture for programmable controllers and machine vi- 
sion systems and in X-ray laminography systems for inspecting 
the solder joints on printed-circuit boards, particularly those of 
surface-mounted components. 

Many in the manufacturing and process industries believe that 
fuzzy logic control has a bright future in systems that have many 
inputs or are highly nonlinear and hard to model. (Unlike the 
rigid yes-no logic of present control systems, fuzzy logic is based 
on probabilistic human reasoning; it weights each statement with 
a variable chance of proving true or false—say, 80/20 or 50/50— 
whereas yes-no logic in effect assigns them all a uniform 100/0 
chance.) Today fuzzy logic control seems all set to invade the 
manufacturing equipment market, following its early victories 
in consumer electronics in Japan. 


Fuzzy logic controls 


One application involves a system for plasma-etching metal 
surfaces to prepare molds for injection molding. Masaki Togai, 
chairman and chief executive officer of Togai InfraLogic Inc., 
Irvine, Calif., told JEEE Spectrum in November that a fuzzy logic 
controller recently developed for this system produced the mold 
in 35 minutes, instead of 51. To eliminate carbon buildup on the 
workpiece, the system monitors three parameters: the tempera- 
ture of oil in which the workpiece is immersed, the voltage be- 
tween the cathode and the workpiece, and the current flowing 
between the two (both indicate the size of the gap between work- 
piece and cathode). Then the system adjusts the gap in the light 
of expert information included in the memory of the fuzzy logic 
controller. 

Elsewhere, researchers with General Electric Co.’s Research 
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within the image. 


INDUSTRIAL ELECTRONICS 


Search first looks for areas 
most likely to yield a 





and Development Center in Schenectady, N.Y., demonstrated an 
intelligent controller for gallium arsenide crystal growth. Devel- 
oped under a grant from the U.S. Defense Advanced Research 
Projects Agency, Arlington, Va., the Meta Controller executes 
“plans,” or English-language scripts that an operator follows dur- 
ing crystal growth. Typically a plan may contain such elements 
as initial and final conditions, sequence of actions, and a recov- 
ery action to be taken should the plan fail. 

A third controller based on fuzzy logic directs the spray form- 
ing of hard metal alloys (combining nickel, chromium, iron, and 
molybdenum) at the Metals and Welding Division of the David 
Taylor Research Center at the U.S. Navy’s facility in Annapolis, 
Md. In the spray forming process, the controller manipulates such 
parameters as surface roughness, rate of alloy deposition, sur- 
face temperature, and metal flow rates. 

The use of fuzzy logic for this controller is absolutely vital be- 
cause a strict mathematical modeling of the system is “suicidal— 
very hard to deal with,” JEEE Spectrum learned in November 
from Alexander Meystel, a professor of electrical and computer 
engineering at Philadelphia’s Drexel University. Meystel is expert 
in this area and chaired the Fifth IEEE International Symposi- 
um on Intelligent Control last Sept. 5-7 at Drexel. 

Other recent fuzzy logic applications include a controller of 
an aircraft’s roll and structural torsion moments developed at 
Rockwell International Corp.’s Science Center, in Thousand 
Oaks, Calif.; elevator controls by Otis Elevator Co., Farmington, 
Conn.; and supervision of controllers at the Instituto Superior 
Tecnico, in Lisbon, Portugal. Also, Germany’s Siemens AG has 
formed a 10-person task force on fuzzy controls as part of its 
new research group on Intelligent Control Systems in the com- 
pany’s central laboratories in Munich. 


CIM in focus 


Of concern these days to governments as well as manufactur- 
ing plant managers and engineers is computer-integrated 
manufacturing (CIM). Germany’s Federal Ministry of Research 
and Technology alone has appropriated about $250 million for 
1988-92 to support innovation in manufacturing, with empha- 
sis on CIM for smaller companies. Systec 90, an international 
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In pinpointing a desired object (model) within an image by means 
of a correlation-search algorithm, the Cognex 4000 Series ma- 
chine vision system from Cognex Corp. first looks at those areas 
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most likely to yield a match. It then computes correlations with 
the object only in those areas, rather than throughout the image, 
subsequently computing the best correlation score. 


0018-9235/91/001-0059$1.00 © 1991 IEEE 59 








trade fair for CIM held in Munich last Oct. 
22-26, included a demonstration of the 
Manufacturing Automation Protocol 
(MAP) and the related Technical and Office 
Protocol by a group of 25 firms from seven 
countries, all members of the European 
MAP User Group. 

Recognized as a world standard, MAP 
version 3.0 is now practiced worldwide. 
More than 40 companies supply products 
that conform to that version, and the first 
installations based on this equipment are al- 
ready in production. 

The Munich fair included several exhibits 
related to machine tools from the technical 
universities of Aachen and Munich, among 
others. 


RISC-based CNC 


GE Fanuc recently announced its Series 








HIGHLIGHTS 


Success: An X-ray laminography system, 3DX Se- 
ries 2000, became popular for surface-mounted 
pc-board inspection among such major manufac- 
turers as IBM, Boeing, and Siemens. 

Shortfall: Such leading U.S. robot manufacturers 
as Unimation, General Electric, United Technolo- 
gies, IBM, and Cincinnati Milacron discontinued 
their robot businesses, yielding a major part of 
the market to Japanese manufacturers. 
Notable: Representatives of Japan’s Ministry of 
International Trade and Industry and the U.S. 
Department of Commerce agreed on May 9, 1990, 
on a cooperative plan, effective through Dec. 1991, 
to revitalize the ailing U.S. machine-tool industry. 
Newsmaker: Lofti A. Zadeh, professor of electri- 
cal engineering and computer science at the 
University of California, Berkeley, received the 10- 
million-yen Honda Prize of 1989 on Nov. 17, 1989, 
in recognition of his “‘great achievement in estab- 
lishing Fuzzy Theory with the possibility of de- 





today,” and it can certainly operate up to 
four central processing units simultaneously, 
ensuring a high level of parallel processing, 
among other attractive features. 

A crucial, albeit often weak, link in elec- 
tronics manufacturing quality has been the 
visual inspection of printed-circuit boards 
before and after soldering. The situation has 
been exacerbated by the increasing use of 
surface-mounting technology for really 
densely packed boards. The 3DX Series 2000 
X-ray laminography system from Four Pi 
Systems, San Diego, Calif., has proved 
popular among such leading manufacturers 
as IBM, Siemens, and Boeing, to name a 
few. Encouraged by this, Four Pi has devel- 
oped a new model—3DxX Series 3000—with 
a variable field of view (zoom in and out, 
as compared to the fixed focus of the Series 
2000) and with vastly improved resolution 
and throughput. The new model resolves a 


16 CNC system, the world’s first such sys- 
tem to include a RISC microprocessor. Be- 
cause it can carry out repetitive intensive 
computations at record speed, this 32-bit RISC microprocessor 
lends much more precision to high-speed machining than earli- 
er CNC generations could. Other novel features of the system 
include very tight packaging and an advanced thin-film- 
transistor, liquid-crystal display with enhanced contrast. 

More flexibility in industrial automation is offered in anoth- 
er GE Fanuc family of programmable controllers. The Series 90- 
70, for up to 12 000 inputs and outputs, was introduced in 
November 1989, and the Series 90-30, for up to 512 inputs and 
outputs, was announced last April. Said to be the first program- 
mable controller to be based on the widely accepted VMEbus 
standard, the Series 90-70 offers users an open architecture— 
users may add on to the controllers any boards compatible with 
the VMEbus. Before, a user was tied to his vendor’s proprietary 
products for add-ons. 

Another programmable logic controller advance is Simatic S5- 
155U, a machine with high processing power available since last 
February from Siemens Energy & Automation Inc., Roswell, Ga. 
Siemens calls it “the most powerful PLC in the marketplace 





REN C. LUO: 
EXPERT OPINION 


‘Perhaps the most important de- 
velopment has been the growth in 
the creation of microsensors, 
micro-actuators, and micro- 
machines. ’ 


Systems integration, especially in 
manufacturing automation, is the 
burning issue in industrial electron- 

: ics. In a good integrated system, the 
interfaces function smoothly, passing information quickly and 
accurately from one subsystem to another to make the concept 
of “just-in-time” a reality. 

System integration can be formulated hierarchically into three 
levels: sensor and signal integration on the lowest, 
manufacturing-cell integration on the next, and factory automa- 
tion at the highest level. 

The concepts of systems integration and concurrent product 
and process design can be applied to rapid prototyping of, for 
example, custom orthopedic footwear. In a recently developed 
system, a three-dimensional laser range-finder links up with 
digitization capabilities to record the complex shape of a pa- 
tient’s foot and store the data in a computer for analysis. An in- 
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veloping into extensive applications.” 





defect as small as 1 mil (25 micrometers), vs. 
the 2 mils of its predecessor, and doubles 
throughput. It will be available next month. 

In computer-based vision systems that look at the surface of 
such objects as pc boards for alignment, identification, and other 
purposes, the Needham, Mass., company of Cognex Corp. has 
more than 60 percent of the world market. Last October it in- 
troduced the Cognex 4000, which offers what the manufacturer 
called real-time image processing plus—for possibly the first time 
in the industry—compatibility with the VMEbus. Key to the fast 
processing is an efficient correlation-searching algorithm evolved 
from earlier systems [see illustration, p.59]. 

Other machine vision developments include two developmental 
systems with pipelined architecture—one devised by researchers 
from the Korea Advanced Institute of Science and Technology, 
the Korean Institute for Science and Technology, and Samsung 
Aerospace Industries Co., all in Seoul, Korea, and the other by 
researchers with Hitachi Ltd.’s Kanagawa Works. Both were 
reported at Iecon ’90, the 16th Annual Conference of the IEEE’s 
Industrial Electronics Society, held last November in Pacific 
Grove, Calif. 5 


SYSTEMS INTEGRATION A BURNING ISSUE 


teractive graphics package then visually displays the data ac- 
quired to allow the user to transform it into a shoe last. An 
interface translates this data into machine code for download- 
ing to acomputer numerically controlled (CNC) machine, which 
fabricates the last. An automatic verification program checks 
the fabricated last against the desired last. 

Some companies have already implemented a similar concept 
using 2 1/2-D digitization technology (2-D plus depth). They in- 
clude Robotic Vision Systems Inc., Hauppage, N.Y.; Laser De- 
sign!, San Francisco; Cyber Optics Corp., Minneapolis, Minn.; 
and Hymare Ltd. of Nepean, Ont., Canada. 

But perhaps the most important development has been the 
growth in microsensors, micro-actuators, and micromachines. 
For example, silicon microsensors for low pressures (up to about 
480 pascals) are in production at Lucas Novasensor, Fremont, 
Calif. An annual IEEE workshop in Micro Electro Mechanical Sys- 
tems (MEMS), sponsored by the IEEE Robotics and Automation 
Society, fosters communication among MEMS researchers and 
users to further the growth of this field. 


Ren C. Luo (SM) is a professor in the department of electrical and com- 
puter engineering and a director of the Robotics and Intelligent Systems 
Laboratory at North Carolina State University in Raleigh. His bachelor’s 
and master’s degrees are from Feng Chia University, Taiwan, R.O.C. (1973 
and 1975, respectively) and his Diplom Ingenieur and Ph.D. from the Tech- 
nical University, Berlin, Germany (1979 and 1982). He serves on the IEEE 
Industrial Electronics Society’s Administrative Committee and is chair- 
man of its Technical Committee for Robotics, Vision, and Sensors. 
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POWER AND ENERGY 


Clean Air Act amended 

Electric vehicles to the fore 

Gulf crisis convulses oil markets 
Privatization in the UK 


Any lingering doubt that the world’s electric power industries are 
driven primarily by politics was probably dispelled last year. 

Global reverberations of the crisis in the Persian Gulf offered 
the most striking confirmation, causing wide fluctuations in oil 
prices and prompting utilities all over the world to reconsider 
energy technologies not taken seriously since the last oil crisis. 

In Europe, major developments included the privatization of 
British electric utilities, the takeover of the antiquated East Ger- 
man power system by three West German utilities, and the Swed- 
ish Government’s apparent retreat from a plan to abandon its 
nuclear power program. 

In the United States, amendments to the Clean Air Act—the 
first in 13 years—will have expensive ramifications for that coun- 
try’s utilities. Another response to increasing pressure for clean- 
er air, not only in the United States but in Europe and Japan as 
well, was the resurrection of an idea whose time still may not have 
come: the electric vehicle. Last year, major automakers and other 
technical firms in all three regions pledged to commercialize elec- 
tric cars in the near future. 





Clean but costly air 


Ratified late in October, the amendments to the Clean Air Act 
could cost industry US $22 billion over the next decade or so as 
provisions of the legislation are phased in, according to the En- 
vironmental Protection Agency in Washington, D.C. Utilities will 
be most affected by new regulations related to the control of acid 
rain; these regulations could cost $5-$7 billion over the next 15 
years, according to estimates by the Edison Electric Institute 
(EEI), a Washington, D.C.-based trade group representing U.S. 
investor-owned utilities. 

“Obviously this is a landmark piece of legislation,” said Diane 
Smiroldo, an EEI spokesperson. “It’s going to affect everybody 
who buys electricity, whether they’re an industrial or residential 
customer.” 

The acid-rain controls require utilities to reduce, in two phases, 
their emissions of nitrogen oxides and sulfur oxides (NO, and 
SO.) by 10 million tons (9 million metric tons) from 1980 emis- 
sion levels. The first phase of the program begins in 1995, and 
the second, at the turn of the century. In an interview, Smiroldo 
said EEI expects that some utilities will install smokestack “scrub- 
bers” to reduce their SO, emissions, some will switch to fuels with 
lower sulfur content, and others will build plants around emerg- 
ing clean-coal technologies, such as fluidized-bed and coal- 
gasification systems. 

Since 1986, the Department of Energy, Washington, D.C., has 
supported commercialization of these technologies through a $2.5 
billion program of Federal funds, which are shared 50-50 with 
industry. Currently, however, U.S. industry is contributing roughly 
two-thirds of the cost of the projects, so the value of the total 
technology development program may grow to more than $6 bil- 
lion, according to C. Lowell Miller, associate deputy assistant 
Secretary, clean-coal technology. 

One of the more intriguing possibilities posed by the Clean Air 
amendments is an expansion of an existing emissions trading pro- 
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gram, under which utilities get credits if they manage to reduce 
emissions below their allotments. These credits can then be sold 
or traded to other utilities. “It’s an interesting concept,” said 
Smiroldo. “We hope it works. The key will be how it’s im- 
plemented.” 

A similar emissions-credit system was initiated nearly 14 years 
ago by the last round of Clean Air amendments, noted John 
Palmisano, president of Aer*x Inc., an environmental and eco- 
nomic consulting firm with offices in Washington, D.C., and Los 
Angeles. But with the more stringent regulations enacted with 
the latest amendments, Palmisano said, trading of credits could 
by August become a daily rather than weekly occurrence, as it 
is now. “More companies are now affected, and affected in a more 
rigorous way,” Palmisano explained. ‘“‘We’ll have more clients 
needing more credits. If it’s successful, it will be the template, 
I believe, for controlling greenhouse gases, except you’ll have a 
worldwide marketing system for that.” 


Electric cars charge forward 





Even before the Clean Air Act amendments were approved, 
mounting environmental pressures had prompted major an- 
nouncements related to electric vehicles last year. In the United 
States, General Motors Corp., Detroit, Mich., stole the spotlight 
with its Impact [THE INSTITUTE, March 1990, p. 6]. The sleek 
two-seater uses lead-acid batteries to accelerate faster than some 
conventional sports cars. The 395-kilogram battery provides a 
range of just under 200 km between charges, and would last for 
less than 40 000 km, GM projects. Thus the battery would have 
to be replaced several times over the life of the vehicle, each time 
at a cost of at least $1500. 

Last April, GM announced that it planned to make the Im- 
pact available commercially in the mid-1990s. Some industry ob- 
servers, however, were skeptical of the claim, noting that such 
forecasts were made routinely in the 1970s and failed to prove 
accurate. 


UC) UML LMC Lash 


Kilowatthour 
1 (Sa 
USMC aL 
billions (10°) | in 1989 


Be 
1989 | 1988 
Lemme ET 


| 1 | The Southern Co* 


c 


| American Electric Power Co* 15 +12.18 


| 66.6 | +0.65 | 
dL ea 
5 | Pacific Gas & Electric Co. | 63.8 | +2.19 | 
Allegheny Power System Inc.* 

10 | 9 | Middle South Utilities Inc* 


Source: Electric Light & Power 
* Holding companies 


1 
oe 
exas Utilities Co* 81.9 
| 4 | Commonwealth Edison Co. 
a SCEcorp* 
Duke Power Co.* 
bo 


g 
5 
ft FPL Group Inc* 64.1 


0018-9235/91/001-0061$1.00 © 1991 IEEE 61 








Ford Motor Co., in Dearborn, Mich., and 
Chrysler Corp., in Highland Park, Mich., 
also have significant electric vehicle pro- 
grams under way, and these efforts have for 
some time involved sodium-sulfur and 
nickel-iron batteries, which promise much 
better range and durability than the lead- 
acid technology. Ford has tested Canadian- 
made sodium-sulfur batteries in an ex- 
perimental Aerostar van, and Chrysler has 
produced an electric version of its Dodge 
Caravan and Plymouth Voyager minivans, 
powered by nickel-iron batteries. 

With a top speed of about 70 mph (112 
km/h), this TEVan is said to get 120 miles 


(about 190 km) between charges. The second TEVan was deliv- 
ered to Southern California Edison Co., Rosemead, Calif., in late 
October, according to Joseph Reeves, Research Manager at Edi- 
son. (The first TEVan went to the Electric Power Research Insti- 
tute in Palo Alto, Calif., which is cosponsoring development of 
the vehicle with Edison. By 1992 there could be a dozen TE Vans 
on the road, according to current projections.) This year, several 
North American utilities will take delivery of a “G-Van,” powered 
by lead-acid batteries, now being manufactured by Vehma In- 
ternational Inc. in Markham, Ont., Canada. 

Early in November, GM, Ford, and Chrysler agreed on the need 
to jointly develop advanced batteries suitable for powering elec- 
tric vehicles. Representatives of the three companies met with offi- 
cials of various electric-utility and electric-vehicle research or- 
ganizations. Although specific battery technologies were not 
selected for further development at the meeting, two lithium cells 
and one sodium-sulfur battery were reportedly discussed. The 
costs of the program—which could be in excess of a billion dol- 
lars, the automakers estimated—would be split among the 
Department of Energy, U.S. utilities (through the Electric Power 
Research Institute), the automakers, and several battery manufac- 


turers. 


Interest in electric vehicles is also high among virtually all Eu- 
ropean automakers. Last June, Fiat Auto SpA in Turin, Italy, 
launched the Elettra; outfitted with lead-acid batteries and travel- 
ing at a constant 48 km/h, the vehicle gets up to 120 kilometers 
between charges (185 km with the optional nickel-cadmium bat- 


Success: Seabrook nuclear power station in New 
Hampshire went on-line. 

Shortfall: Electrical fires and explosions rocked 
utilities in New York City, Chicago, and Pasade- 
na, Calif. 

Notable: British utilities began privatizing; U.S. 


firm built cogeneration plant at Teeside, in north- 
east England. 

Newsmaker: General Motors Corp. chairman 
Roger Smith, who, shortly before retiring, pledged 
to make an electric vehicle commercially available 
within five years. 








ny spokesman. Following the ban on trade 
with those countries, Tepco made up the 
difference by importing more fuel from 
other sources, including Indonesia, Malay- 
sia, Brunei, Yemen, and China, Suganuma 
said. 

“We're suffering from higher oil prices, of 
course, but there’s nothing we can do about 
it,” Suganuma told JEEE Spectrum in mid- 
November. 

Demand-wise, the summer of 1990 in 
Japan was a replay of the summer of 1988 
in the United States. By early August, high 
heat in Japan sent total demand soaring to 
no fewer than five record highs. For Tepco, 


a particularly close call came on July 19, when the utility, heavi- 
ly assisted by its neighbors, barely met a record demand of 48.98 
gigawatts. The increase in peak demand from the summer of 1989 
was 6 GW—three times the usual annual increase, according to 
Suganuma. According to the most recent demand forecasts, Jap- 
anese utilities will need another 59.1 GW by 1999—14 GW more 
than they are currently planning on installing by that time. 

Only about 5 percent of electricity in the United States is 
produced by oil-fired generators, but the percentage is much 
higher in parts of the Northeast, where strict environmental regu- 
lations and strong opposition to nuclear plants rule out the use 
of most other fuels. When the Gulf crisis began, the Long Is- 
land Lighting Co. (Lilco) in Hicksville, N-Y., was using oil to 
generate almost two-thirds of its output, making it one of the 
most oil-dependent utilities in the United States. Within weeks, 
Lilco—perhaps best known for its inability to obtain a license 
for an 820-megawatt nuclear plant in the village of Shoreham, 
N-Y.—was scrambling to reduce its oil needs, according to 
spokesperson Karen Hellman. 

Three plants, representing about 700 MW, were switched to 
natural gas and the company began purchasing electricity from 


outside sources whenever possible, Hellman said. All told, such 


teries). Top speed is about 72 km/h. At $20 000, it costs twice 


as much as the Panda, the conventional automobile on which 


it is based. 


In Heidelberg, Germany, Asea Brown Boveri Ltd.—one of the 
main developers of the sodium-sulfur battery—has tested its sys- 
tem in an assortment of electrified vehicles based on Volkswa- 


gen, Mercedes, and BMW bodies. 


Nippon Steel Corp. in Tokyo, the leading electric vehicle de- 
veloper in Japan, unveiled its Next Generation Advanced Vehi- 
cle (NAV) last year, claiming a range of 240 km between charges 
and a top speed of 110 km/h. Toyota Motor Corp., in Toyota City, 
the other leading light of the budding Japanese electric vehicle 
community, displayed a vehicle with a range of 160 km between 
charges and a top speed of 85 km/h. Toyota also announced an 
agreement with Chubu Electric Power Co. in Nagoya to develop 


three commercial electric vehicles. 








Oil woes 








While such vehicles offered the optimistic a glimpse of a fu- 
ture less dependent on fossil fuels, the Persian Gulf crisis coun- 
tered with a powerful reminder of current realities. In early Au- 
gust, oil was selling for $17-$18 per barrel, a price that doubled 


within weeks after the crisis began. 


As a group, Japanese electric utilities meet about a third of 
their demand with oil. Before the Gulf crisis, Tokyo Electric Power 
Co. (Tepco), the world’s largest private electric power company, 
had relied on Iraq and Kuwait for about 3 percent of its oil and 
liquefied natural gas, according to Kiichi Suganuma, a compa- 
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measures allowed Lilco to cut its share of oil-fired generation to 
42 percent for the month of September. Nonetheless, rate in- 
creases of just under 2 percent were instituted in August and Sep- 
tember, in compliance with the utility’s rate agreement with the 
state of New York. Typically, fuel accounts for 30 percent of a 


AWARENESS IS GROWING ABOUT THE DANGERS OF FOSSIL FUEL 


HENRI PERSOZ: 
EXPERT OPINION 


‘For perhaps the first time in his- 
tory, the possibility of war is exclu- 
sively linked to energy issues. ’ 


The unfortunate consequences, 
both political and ecological, of ex- 
cessive consumption of fossil fuels 
have become abundantly clear. 


The world’s political instability can be attributed, at least in 
part, to the fact that oil fields are most unevenly distributed 
throughout the globe. The world will never be at peace while 
wealth is transferred to a minority of countries that are able to 
accumulate it for arbitrary reasons. 

This situation is, of course, best exemplified by the activity in 
the Persian Gulf. For perhaps the first time in history, the possi- 
bility of war is exclusively linked to energy issues. 

Awareness is also growing about other dangers of long-term 
fossil-fuel consumption: air pollution and global warming. These 
problems should be an incentive for developed countries to re- 
duce their consumption of fossil fuels substantially (the more 
so as such fuels should be earmarked for Third World countries 
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Lilco ratepayer’s bill, Hellman said. 

Not all utilities are lamenting the upsurge in oil prices. In En- 
gland and Wales, prices for electricity are set in an open market, 
and at peak hours are based on the costs incurred with oil-fired 
peaking units—even though the bulk of the electricity is coal- 
fired. Thus higher oil prices mean higher profits. 


UK utilities privatize 


In December, the 12 regional electric companies (RECs) in En- 
gland and Wales were converted to investor-owned companies 
through the sale of some $10 billion worth of shares. (The RECs 
are responsible for distribution only; another organization, the 
National Grid Co., transmits the electricity and is jointly owned 
by the 12.) Britain’s power-generating companies, National Power 
and PowerGen Plc., both based in London, will follow suit be- 
ginning next month and are expected to fetch nearly $7 billion. 
ScottishPower and Hydro-Electric—responsible for generation, 
transmission, and distribution in Scotland—are to be floated on 
the London exchange in May or June, and may net a combined 
$3 billion. 

To drum up interest in the sale, the London-based Dewe Roger- 
son communications group and the WCRS advertising agency 
found the ideal spokesman. Flat head and green skin notwith- 
standing, Frankenstein (“Frank” for short) tells Britons how and 
where to buy shares in a series of print and broadcast adver- 
tisements. 

The utility conversion follows the privatization of such large 
UK concerns as Jaguar Plc., British Airways Plc., and Rolls Royce 
Ple., but is by far the most complex such endeavor, said 
Christopher Rowland, senior electricity analyst at Barclays de 
Zoete Wedd, the London-based investment bank. 

Accompanying and greatly complicating the transition, 
Rowland said, were Britain’s first steps toward fostering compe- 
tition in electricity generation. In late summer, Enron Power 
Corp., a League City, Texas-based concern, announced that it 
would build and operate a 1725-MW gas-fired plant at Teeside, 
in northeast England. Under the terms of this unique interna- 
tional deal, 15 percent of the output will be bought by a nearby 
plant owned by Imperial Chemical Industries Plc., and the rest 
by four regional electricity companies. 

Anticipating further opportunities opened up by competition, 
British utility executives have already begun considering an elec- 


that are not—or should not be—in a position to avail themselves 
of nuclear power for many years to come). 

Reducing dependence on fossil fuels will entail increasing use 
of nuclear power and renewable resources such as hydroelec- 
tric energy. Will developed countries be wise enough to return 
to investments in nuclear power? It is probably too soon to tell, 
but such a return remains an important challenge for the future. 

Political turmoil is not limited to the Gulf region. In Europe, the 
changes have been both peaceful and exceedingly rapid. Germa- 
ny is perhaps the most notable example: less than 11 months after 
the Berlin Wall fell, on Nov. 9, 1989, the country was reunified. 

Such developments will have major ramifications for the trans- 
mission and distribution of electrical energy on the Continent. 
Whereas there have been very few electrical energy exchanges 
through the so-called Iron Curtain (10 to 30 times less, per kilo- 
meter of border, than across borders between Western countries), 
the future will certainly bring a substantial increase in these ex- 
changes. Through such exchanges, utilities with adjacent ser- 
vice territories, separated only by an international border, will as- 
sist one another, and perhaps organize major power purchases. 

In the past, the relatively small power exchanges between East 
and West were handled via back-to-back direct-current facilities, 
since the flows were so small in comparison with the capacity 
of the grids connected. With the anticipated increase in ex- 
changes, however, alternating-current interconnections can be 
envisioned, indeed, desirable from an economic point of view. 
The European electrical-reliability groups involved will be the 
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tricity futures market, in which utilities, generating companies, 
industrial customers, and traders would participate. British util- 
ities are also now considering entering the telecommunications 
business by installing optical-fiber lines along their existing trans- 
mission routes. 


Continental developments 


The way was cleared late last August for another European 
privatization, of sorts, when Germany’s Federal Cartel Office in 
Berlin approved the takeover of the state-owned electric utilities 
in eastern Germany by RWE AG (the largest western German util- 
ity) and two other firms. Under the agreement, RWE will take 
a 75 percent stake in the east German grid, with the remainder 
split between PreussenElektra AG in Hamburg and Bayernwerk 
AG in Munich. Shortly after the announcement, RWE chairman 
Friedhelm Gieske announced that the company would have to 
spend at least $3.3 billion refurbishing the eastern German elec- 
trical system. 

In Sweden, meanwhile, public opinion has apparently turned 
against a movement to phase out the country’s nuclear program 
by 2010. Twelve nuclear plants supply 45 percent of electrical de- 
mand, a proportion second only to that of France. Swedish con- 
sumption of electricity, per capita, lags only the United States, 
Norway, and Canada [see table, p. 64]. According to press reports, 
surveys in Sweden have indicated that 58 percent of the popula- 
tion favors continued operation of the nuclear plants, especially 
if they are important to Swedish competitiveness. Nonetheless, 
the country’s Social Democrats vow to continue with a timeta- 
ble to begin closing nuclear plants in the mid-1990s. 

In Spain, a projected 7.5-GW shortfall by the year 2000 has 
also prompted a reconsideration of the country’s decision to 
mothball five partially constructed nuclear plants, including an 
almost completed 2000-MW facility in Extremadura. Few expect 
the plants to go on-line, however, because of widespread politi- 
cal opposition. 

Framatome, the sole maker of nuclear reactors in France, for- 
mally returned to state control last October. The majority stake 
in the company has bounced between CGE, the technical con- 
cern, and a shifting group of Federal agencies including the 
French atomic energy authority, CEA (all are Paris-based). In 
reacquiring the majority stake, French officials cited Framatome’s 
strategic importance. Approximately three-quarters of France’s 
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Union for the Coordination of Electricity Generation and Trans- 
mission in the West and the Council for Mutual Economic As- 
sistance in the East. Links are also possible with the utilities in 
the Organization for Nordic Electrical Cooperation (Nordel). 

The possibility of such developments poses a great number 
of questions and concerns. Will it be possible to synchronize a 
350 000-megawatt grid? Can the grid’s security be assured in the 
event of a serious incident in acountry? How long will it take be- 
fore Eastern European utilities have power-control systems con- 
forming to Western standards? How large can electrical grids be? 
How should they be planned and managed? How should a major 
interconnection project be organized and executed? 

Of course, these are questions of interest beyond the Europe- 
an continent. North America has for decades confronted the prob- 
lems of operating large, interconnected grids. In fact, Commit- 
tee 37 of the International Conference on Large, High-Voltage 
Electrical Systems is considering launching a major study of 
grids that encompass hundreds of thousands of megawatts. 

Clearly, engineers specializing in electric power will be 
challenged to keep up with the startling pace of international de- 
velopments. Increasingly, the successful engineer will be a well- 
informed one. 


Henri Persoz (F) is general inspector for generation and transmission sys- 
tems at Electricité de France. He is also chairman of the Large Systems 
and International Interconnections Study Committee of the International 
Union of Producers and Distributors of Electrical Energy. 
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electricity is derived from nuclear power. 

The main French utility, Electricité de France (EDF), Paris, 
announced in July that it would supply its Spanish counterpart 
with up to 1 GW of electricity until the mid-1990s. Spain will pay 
about $4 billion for the electricity, which will help alleviate the 
country’s anticipated shortages. France already exports electricity 
to Britain, Switzerland, and Italy; in 1989, these exports were 
worth about $1.64 billion. 
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passive safety features; it was designed to rely 
on natural forces, such as gravity, to cool itself 
indefinitely in the event of an accident. Wes- 
tinghouse claims that a plant could be built 
around an AP 600, with factory-built modules, 
in five years. 

Whether the industry will ever get the chance 
to put Westinghouse’s claims to the test is un- 
clear. On Nov. 3, the United States Court of Ap- 
peals for the District of Columbia overturned 
a decision by the Nuclear Regulatory Commis- 
sion (NRC) that would have allowed utilities 
building a nuclear plant to skirt much of the 
postconstruction licensing process if they were 
using a standard, preapproved design. The 
NRC agreed to the licensing change in 1989 as 
part of an effort to encourage a revival of the 
nuclear industry based on standardized designs; 
these designs might include Westinghouse’s AP 
600 and similar systems under development by 
Framatome and other reactor makers. Observ- 
ers noted that the issue is somewhat academic, 
however, since there have been no nuclear plant 
orders in the United States in 12 years. 


Fires at U.S. utilities 


Electrical fires in substations were the cause 
of three major midsummer power outages in 
the United States, two on Chicago’s West Side 
and one in New York City’s downtown finan- 


cial district. In Chicago, the trouble began Saturday night, July 
28, with a fire in switch house No. 1 at the Commonwealth Edi- 
son Co.’s Crawford substation, according to spokesman Gary 


Some 40 000 residents of Chicago’s West Side lost electricity. 
About 25 000 had service restored within a day or so and the rest, 
within three days. However, as part of the restoration, Common- 
wealth Edison installed a temporary line configuration around 


the Crawford substation. But when a second fire broke out on 


Seabrook goes on-line 


The U.S. nuclear industry, long-starved for encouraging news, 
could take heart from several unrelated developments: Seabrook 
Station, a contested 1150-MW nuclear plant on the New Hamp- 
shire coast near Massachusetts, finally went into full-power oper- 
ation; the Environmental Protection Agency authorized the use 
of a nuclear waste repository near Carlsbad, N.M.; and Westing- 
house Electric Corp., Pittsburgh, won a major grant from the 
Department of Energy to continue developing a relatively small, 
advanced light-water nuclear reactor. 

After receiving a full-power license on March 15, Seabrook 
reached its rated capacity on Aug. 19, according to Rob Williams, 
a spokesman for New Hampshire Yankee, which operates the 
plant for its 12 utility owners. The plant was completed in 1986, 
10 years and $4.6 billion after construction began. Licensing was 
held up over the refusal of Massachusetts officials to participate 
in emergency planning, which has cost an estimated $2 billion 
in interest payments since 1986, Williams said. 

On Nov. 1, the Environmental Protection Agency, Washing- 
ton, D.C., gave the Department of Energy (DOE) permission to 
operate the Waste Isolation Pilot Plant, about 650 meters below 
the New Mexico desert. The plant was designed to hold more than 
a million 208-liter barrels of waste, including transuranic nucle- 
ar waste [““Learning from Nature,” JEEE Spectrum, July 1990, 
p. 23]. Before the DOE can operate the repository, however, it 
must gain custody of the land above it from the Department of 
the Interior; this is expected to take months, if not years. 

The DOE, which has been encouraging the development of a 
new generation of more standardized, modular, and safer reac- 
tors, also awarded Westinghouse a $50 million grant to continue 
work on its AP 600. This 600-MW prototype reactor has so-called 


ford fire. 
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Aug. 5 in a different, nearby substation, some of the protective 
systems that would have isolated that fire were inoperable because 
of that configuration. Thus, what would have been a minor mis- 
hap resulted in a one-day loss of power to 25 000 customers— 
the same 25 000 whose electricity was restored first after the Craw- 


The New York outage began around midday on Aug. 13, after 
an electrical fire broke out in switching equipment at Consolli- 
dated Edison’s Seaport substation, a point of entry into Man- 
hattan for five 138-kilovolt transmission lines. To interrupt the 
flow of energy to the fire, Edison had to disconnect the five lines, 
which cut power to four networks in downtown Manhattan, ac- 
cording to Con Ed spokeswoman Martha Liipfert. 

Power was restored to three of the networks within about five 
hours, but the fourth network, Fulton—which carried electrici- 
ty to about 2400 separate residences and 815 businesses—was out 
until Aug. 21. Liipfert said much of the equipment in the Sea- 
port substation will have to be replaced, at an estimated cost of 
about $25 million. 

Mounting concern about underground electrical vaults in some 
areas was tragically validated by an explosion in Pasadena, Calif., 
that killed three city workers in a vault. Partly in response to the 
explosion, the California Public Utilities Commission adopted 
new regulations last Nov. 21 requiring that utilities in the state 
set up formal maintenance programs, inspection intervals, and 
guidelines for rejecting decrepit or inferior equipment. “They have 
to maintain a paper trail, and we as a commission will do inspec- 
tions of underground vaults and review their records to make sure 
they’re maintaining their vaults and equipment in good order,” 
said Russ Copeland, head of the commission’s utility safety 
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CONSUMER ELECTRONICS 


Digital HDTV: a late but impressive entry 
The home theater concept blossoms 
Fuzzy logic for varied products 

Ease of product use finally gets attention 


The simmering U.S. waters of high-definition television (HDTV) 
heated to full boil in June when General Instrument Corp., San 
Diego, Calif., announced its all-digital DigiCipher system for 
transmitting a full HDTV signal in digital format over a stan- 
dard 6-megahertz television channel. This capability makes the 
DigiCipher system a contender for the simulcast HDTV standard 
mandated by the Federal Communications Commission (FCC), 
where one broadcast channel carries a standard National Televi- 
sion System Committee (NTSC) channel for reception on exist- 
ing television receivers, and a second channel carries the HDTV 
signal that can be received only on HDTV sets. 

In November, the Advanced Television Research Consortium 
—NBC, David Sarnoff Research Center, Philips Consumer Elec- 
tronics Co., and Thomson Consumer Electronics Inc.— 
announced that an advanced digital television system would be 
developed jointly by the David Sarnoff Research Center, Prince- 
ton, N.J., and Philips Laboratories, Briarcliff, N-Y. The digital 
simulcast development program, the announcement stated, “will 
be accelerated to meet the FCC Advisory Committee testing 
schedule.” Other advanced television system competitors in the 
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United States have also expressed interest in presenting all-digital 
versions of their systems to the FCC for testing. 

FCC laboratory testing of all proposed systems is now set to 
begin in April. A new schedule released in November by the FCC 
[Table 1] does not include any all-digital systems other than 
DigiCipher. But of the six systems to be tested, there could be 
as many as four all-digital systems—if their proponents can ready 
them in time. In addition, there is one analog simulcast system 
and one enhanced NTSC system. Laboratory testing will take 
place at the Advanced Television Test Center, Alexandria, Va., 
on a sophisticated system that includes a 65-inch Hitachi rear- 
screen projector and an ingenious Tektronix format converter—it 
permits several incompatible forms of advanced television sig- 
nals to be recorded in real time on a high-definition digital video- 
tape recorder. 

Ben Crutchfield of the test center told us that field testing of 
the six systems will take place after laboratory testing is complet- 
ed. But when or how this will be done, he said, has not yet been 
determined. 

An FCC decision on an HDTV broadcast standard is not like- 
ly before mid-1993. If that is the case, HDTV broadcasting might 
begin in 1994. 


DIGITAL HIGH-DEFINITION TELEVISION TAKES OFF 


WAYNE C. LUPLOW: 
EXPERT OPINION 


‘High-definition systems are core 
infrastructure technologies that cut 
across many industries.’ 


The most significant advances of 
1990 were on the high-definition 
television (HDTV) front. Several 
transmission system developers, in- 
cluding anew anit in the broadcast standard race, announced 
plans to tackle the thorny technical issues associated with all- 
digital HDTV. By year-end, at least three of the five major HDTV 
proponents preparing for system testing were well on their way 
to full-digital approaches. 

Although terrestrial broadcasting developments continued to 
be the most visible HDTV system development activities, progress 
was made in applying high-definition technologies to a variety 
of media, including cable, fiber, satellite, and video recording. 

It was a turning point year in the HDTV standards race as Fed- 
eral Communications Commission (FCC) chairman Al Sikes set 
anew, refocused technical agenda. The FCC focused on simul- 
cast HDTV as the technology it intends to choose as the stan- 
dard, strongly favored true high definition over “enhanced” ap- 
proaches, and ruled out augmentation HDTV systems. 

Sikes also established the specific timetable for selection of 
the U.S. terrestrial broadcast standard for HDTV, stating that sys- 
tem testing would proceed through 1991 and into 1992. The Ad- 
visory Committee on Advanced Television Services would be ex- 
pected to make its recommendation to the FCC in the third quarter 
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of 1992 and full commission decision would come in the second 
quarter of 1993. 

While most of the public high-definition focus continues to be 
on television, important advances continue in high-definition sys- 
tems, such as high-resolution cathode-ray tubes, flat-panel dis- 
plays, semiconductors, and digital compression. These high- 
definition developments are core infrastructure technologies that 
cut across many industries. 

Spinoffs of high-definition technology for conventional tele- 
vision intensified in 1990. Channel equalization (ghost cancel- 
ing) development activities were initiated for National Television 
System Committee television by the National Association of 
Broadcasters, Washington, D.C., and the Advanced Television Sys- 
tems Committee. New broadcast, satellite, and cable ventures— 
using video compression to squeeze more services into channels 
previously dedicated to only a single NTSC program—were an- 
nounced. Others moved ahead on enhanced NTSC systems. 

Last year also saw the long-awaited commercial introduction 
of digital audio tape, enhancements in home theater television, 
advances in simplified VCR programming, and more miniaturi- 
zation in camcorders and personal electronics. 

The economic downturn took its toll on consumer electronics 
as the industry’s primary product category, color television, failed 
to reach the record unit sales volume expected earlier in the year. 
Even with the lower sales volume and healthy inventory levels, 
irrational pricing and the need to improve profitability remained 
the burning issues facing the consumer electronics industry. 


Wayne C. Luplow (SM) heads Zenith Electronics Corp.’s high-definition 
television R&D program in Glenview, III. He is also a member of the Advi- 
sory Committee on Advanced Television Services, the Center for Ad- 
vanced Television Services, and the Advanced Television Systems Com- 
mittee. He is a member of the administrative committee of the IEEE 
Consumer Electronics Society and editor of the |EEE Transactions on 
Consumer Electronics. 
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1. Advanced television test sequence and calendar 


Laboratory test period 
SCM CRU! End testing 


ATV system/ proponent/type 


Scanning: lines/fields/ 
PN Clam SUE) 


Narrow MUSE/NHK—Japan Broadcasting Corp./S _ | 1125/60/2:1 
DigiCipher/ General Instrument Corp./S 1050/59.94/2:1 


Oct. 31 SC-HDTV: Spectrum Compatible HOTV/Zenith Electronics Corp./S 


Simulcast HDTV/N.A. Philips Consumer Electronics Co./S 1050/59.94/2:1 


March 10 April 30 Channel Compatible HDTV/ Massachusetts Institute of Technology/S 


E—Enhanced NTSC S—Simulcast HDTV 2:1—Interlaced = 1:1—Sequential 





Why go digital? 


There are economies and ease of production, editing, and trans- 
mission in the digital domain. James E. Carnes, head of the David 
Sarnoff Research Center, outlined other advantages of digital 
simulcast HDTV systems at the IEEE Media Briefing in New York 
City in November. They include improved picture quality due to 
superior signal-to-noise ratios and ease of encrypting digital sig- 
nals over the air compared with analog signals. 

These advantages are accompanied by problems, Carnes cau- 
tioned. A principal one is interference with standard NTSC sig- 
nals. Consequently, he said, channel spacings will have to be 
reduced and questions also remain about interference of NTSC 
signals with digital signals. Further, it is not known whether ro- 
bust and benign RF approaches can be designed. And, Carnes 
stressed, digital signals tend to degrade abruptly as distance in- 
creases from the transmitter, whereas analog signals degrade 
gradually. Still, Carnes said, digital is the way to go. 

The DigiCipher system, according to General Instrument 
Corp., provides full HDTV performance with virtually no visi- 
ble transmission impairments due to noise, multipath distortion, 
and interference. Low transmitting power can be used to take ad- 
vantage of unused or unallowed (taboo) channels for simulcast 
transmission. The system can also be used for cable and satellite 
transmission of HDTV signals. 

The key to compressing the HDTV signal into a single 6-MHz 
channel is a proprietary compression algorithm developed by 
General Instrument through extensive use of computer simula- 
tion. For error-free transmission of the digital data, powerful 
error-correction coding combined with adaptive equalization is 
used. At a carrier-to-noise ratio of more than 19 decibels, essen- 
tially error-free reception can be achieved. [For other system 
parameters, see Table 2.] 

At the HDTV station [see illustration], the encoder accepts one 
high-definition video and four audio signals and text and trans- 
mits one 16-level quadrature- 
amplitude-modulated (QAM) 
data stream. A control com- 
puter supplies program-related 
information such as program 
name, remaining time, and 
program rating. At consumers’ 
homes, HDTV receivers pick Audio 
up the 16-QAM data stream 
and provide video, audio, and 
ancillary signals. Data 

The digital video encoder ac- Text 
cepts Y (luminance) and U and 
V (chrominance) inputs with a 
16:9 aspect ratio and 1050-line, — Contro!- 
interlaced (2:1) format atarate  “r2nne! —>| 
of 59.94 fields per second. The 
Y, U, and V signals are ob- 
tained from analog red-green- 
blue inputs by an RGB-to-YUV 
matrix, low-pass filtering, and 
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787.5/59.94/1:1 


787.5/59.94/1:1 


analog-to-digital conversion. The sampling frequency for the Y, 
U, and V signals is 51.80 MHz. 

The multiplexer combines the various data streams into one 
at 15.8 megabits per second. The forward-error-correction en- 
coder adds error-correction overhead bits and provides 19.42 
megabits per second of data to the 16-QAM modulator. The sym- 
bol rate of the 16-QAM signal is 4.86 MHz. 

In the decoder, the 16-QAM demodulator receives the IF sig- 
nal from the VHF or UHF tuner and provides the demodulated 
data at 19.42 Mb/s. The demodulator has an adaptive equalizer 
to combat the multipath distortions common in VHF and UHF 
terrestrial transmission. Next, the FEC decoder corrects virtual- 
ly all random or burst errors and passes the error-free data to 
the synch/data selector; it maintains overall synchronization and 
provides video, audio, data/text, and control-data streams to ap- 
propriate processing blocks. The control-channel processor then 
decodes the program-related information. The TV receiver’s 
microprocessor accepts commands from the remote control unit 
and controls various functions of the decoder, including chan- 
nel selection. 


Meanwhile, in Japan and Europe 


While the United States aims its main HDTV efforts at terres- 
trial broadcasting, Japan and Europe are launching satellite deliv- 
ery of analog advanced television signals. 

Japan’s multiple sub-Nyquist encoding (MUSE) system for sat- 
ellite delivery to homes in Japan is based upon a 1125-line, 60- 
field-per-second format that is incompatible with terrestrial 
broadcast systems. Moreover, as Carnes pointed out at the IEEE 
media briefing, the Japanese BTA-I (Broadcast Technology As- 
sociation) system for broadcast of HDTV signals with a 4:3 as- 
pect ratio is scheduled for implementation in the next year or so, 
and BTA-II for 16:9 aspect ratio pictures is waiting for a stan- 
dard to be selected over the next few years. 

At an international broadcast equipment show in Japan in 
November, local electronics companies introduced pricey MUSE 
products. Among them were Osaka-based Matsushita Electric 









HDTV VHF/UHF station 
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Industrial Co.’s 36-in. HDTV set (4.5 mil- 
lion yen or US $34 900) and Tokyo-based 
Sony Corp.’s 36-in. set (2.3 million yen). 
Matsushita hopes to sell 50 sets a month in 
Japan. Sony aims for 100. The Sony set re- 
quires use of a separate HDTV decoder (1 
million yen); the Matsushita set has one built 
in. But Japan is presently broadcasting 
HDTV only one hour a day, so the projected 
sales figures may be optimistic. 

In Amsterdam, the Netherlands, in June, 
T.A.G. van Eupen, project manager of 
Nederlands Platform HDTV, summarized 
how HDTV would be introduced into the 
European broadcasting system. The par- 
ticipants in Eureka have opted for the mul- 
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Success: Advances in simplified videocassette- 
recorder programming solved one of the VCR 
user’s most frustrating problems. 

Shortfall: Color television sales failed to reach the 
record unit sales volume expected earlier in the 
year. : 

Notable: General Instrument Corp. proposed.an 


all-digital high-definition television broadcast sys- 
tem for the United States that sparked all-digital 
approaches by other proponents of systems for 
Federal Communications Commission testing. 

Newsmaker: Al Sikes, chairman of the FCC, who 
said it would consider only simulcast systems for 
a U.S. terrestrial high-definition television stan- 
dard, thereby ruling out augmentation systems. 


Earlier in the year, Mitsubishi Electric 
Sales America, Cypress, Calif., introduced 
a 120-in. rear-view projection television sys- 
tem. The model VS-12001 costs about 
$20 000, depending on the scope of the cus- 
tom installation. Set in a frame that mounts 
flush with the wall, the display requires a 
dedicated area behind it about 2.4 meters 
deep for the rear projection system. 

At the heart of the Mitsubishi projection 
system is an electromagnetic-focus electron 
gun that minimizes distortion and eliminates 
blooming of the focal point at peak bright- 
ness levels. A dynamic focus circuit produces 
crisp, clean images at the edge of the screen. 
Liquid cooling and optically coupled lenses 


tiplexed analog component (MAC) signal, 
he said, in which the various components of 
the sound and video signals are transmitted independently, one 
after the other, across the full bandwidth of the signal, and are 
then reconstructed in the television receiver. 

RTL4, Luxembourg, started broadcasting in D2-MAC—an in- 
terim enhanced-definition system—in October. Viewers with dish 
antennas can receive the programs. The cable networks convert 
the signal into the PAL (phase alternate line) format so that cable 
viewers see no difference in their programming. In October 1991, 
van Eupen said, D2-MAC sets will be introduced in the 16:9 for- 
mat and, in 1992, the first program to be broadcast in HD-MAC 
in Europe will be the Olympic Games in Barcelona, Spain. By 
1993, there should be enough sets on the market to make practi- 
cal test broadcasts of HD-MAC. Regular HD-MAC transmissions 
will start in 1995, he said. 

But in November, British Satellite Broadcasting announced that 
it was merging with Sky Television and that the merged organi- 
zation would broadcast in PAL, the UK’s existing broadcasting 
system, rather than D2-MAC. Philips of the Netherlands subse- 
quently sued British Satellite Broadcasting and Sky Television 
for losses it said it had incurred as a manufacturer of D-MAC 
equipment. 


Home theater 


In the existing consumer electronics marketplace, the home the- 
ater concept, which combines large-screen video displays with 
precise reproduction of movie sound tracks, is gathering momen- 
tum. One of the new entries was the THX home theater sound 
system from Lucasfilm Corp., Nicasio, Calif., which uses a se- 
ries of proprietary electronic and loudspeaker developments. 
Technics, Secaucus, N.J., was the first company licensed by Lu- 
casfilm to manufacture THX products. Its system, with a retail 
price of $12 000, consists of a THX controller; three stereo power 
amplifiers; front left, center, and right speakers; a subwoofer; and 
two surround speakers. 


HDTV receiver 


Channel 
selection 
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eliminate reflection between the glass sur- 
faces of the cathode-ray tubes and the lenses. 
The system provides 750 lines of horizontal resolution. 

For the video portion of a home theater system, Barco Inc., 
Kennesaw, Ga., introduced the Barco-vision 1500-C HDTV video 
projector ($19 995). By pressing a button, the viewer can switch 
between standard video’s 15.7-kilohertz horizontal scanning rate 
and any proposed HDTV format, all of which fall between 30 
and 35 kHz. Since the projector’s optical resolution is 2200 
horizontal lines, it can also accommodate the resolution of any 
proposed HDTV format. The user can choose the aspect ratio 
of the picture—either 4:3 broadcast standard or 16:9 wide 
screen—and the projector is compatible with Scan doublers used 
in improved-definition television systems. 

In a lower price range, Philips Consumer Electronics Co., 
Knoxville, Tenn., unveiled WallVision, with rear-projection units 
that can stand alone or be installed directly into a wall through 
use of accessory kits. A basic kit, costing $199.95, consists of a 
screen frame, a slip-on color enhancement filter that also pro- 
tects the screen, a speaker grille, an air dam to control internal 
air flow through the system, and an installation and hook-up 
guide. A wall-mounted equipment cabinet with fans that houses 
audio and video components is $300. 

Kits are available for three projection system sizes—46 in. 
(Model 46LP40SA, $3000), 52 in. (Model 52LP5OSA, $3300), 
and 61 in. (Model 61LP9OSA, $3700), all of which employ a 50- 
watt Dolby Pro-Logic surround sound audio system. Approxi- 
mately 75-85 centimeters of space are needed behind the wall for 
installation. 





Fuzzy logic, anyone? 


Neural networks and fuzzy logic technology made a splash in 
such consumer products as camcorders, room air conditioners, 
vacuum cleaners, and washing machines introduced last year. 
(Neural networks represent data and decision structures like a 
neural system, with relative weights assigned to data. Fuzzy logic 


General Instrument 
Corp. ’s DigiCipher dig- 
ital HDTV system com- 
presses all digital data 
into a single 6-MHz tele- 
| vision channel for 
simulcast high-defini- 
tion TV broadcasting. 
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is a branch of logic that uses degrees of 
membership im sets rather than a strict 
true-false membership.) 

Sanyo Fisher (USA) Corp., Chats- 
worth, Calif., unveiled the FVC-880 8- | 


mm, 1.7-lb (0.8 kg) camcorder 


($1299.95) with artificial intelligence Raster format 
circuits and fuzzy logic for automatic 
iris and focus control. In contrast to - 
yes-no circuits, fuzzy logic allows fast Bandwidth 
evaluation of focus and lighting, as well eee aires 
as improved video reproduction in 
backlit scenes. Horizontal resolution 
Matsushita introduced the CS-XG Static : 
and CS-SG series of heat-pump room nee a 
air conditioners, which use neural- Horizontal line time 
network and fuzzy-logic technology to on 
create the most comfortable room en- s ae 
vironment possible. In the XG series, 
for example, the unit’s microcomputer Active pixels 
has a neural network. The microcom- Luminance 
Chrominance 


_ puter’s memory stores 4608 control pat- 
terns derived from research on the most 
comfortable operation for a wide va- Bandwidth 
Sampling frequency 


Brea CLRS 


temperatures, and so forth. When it is 
freeaing outside, for instance, the unit 
automatically increases its perfor- 
mance to optimize the environment 
faster than does a conventional air con- 
ditioner. 
Fuzzy logic improves defrosting con- 
trol in both series. When a room is 
' being kept warm when temperatures 


riety of room sizes, indoor and outdoor 


Video data 


Audio data 


Async data and text 


Control data 
Total data rate 


outside are low, frost piles up on the 


evaporator in the air conditioner’s out- 
door unit. Conventional systems per- 


f defrosti ti ' 1 Data transmission rate 
orm detrosting operations at regular 
intervals during such conditions. But in 16-QAM symbol rate 


the Matsushita air conditioners, the fuzzy logic evaluates the out- 
door temperature, the temperature of the evaporator unit, and 
other factors and then chooses the most efficient intervals for 
defrosting. 

The CS-XG series models went on sale in Japan in November 
with retail prices of 272 000 yen for the XG28E model and 
310 000 yen for the XG32E2 model. (At the time of writing, the 
yen was hovering around 130 to the U.S. dollar.) The CS-SG se- 
ries models SG22A and SG22E went on sale last month at a price 
of 185 000 yen. Models SG25A and SG25E went on sale this 
month at 200 000 yen. 

Also in the Japanese market, Matsushita introduced in Japan 
vacuum cleaners with fuzzy logic. The three “Canister 7” MC- 
S72 units perceive both the condition of the floor and dust quan- 
tity with a fuzzy-logic dust sensor, which uses a microcomputer 
to control absorption power. The retail prices for the Japanese 
market are 58 000 yen for the MC-S72VPK, 54 000 yen for the 
MC-S72VP, and 44 000 yen for the MC-S72VC. 

And Matsushita has incorporated fuzzy logic in a fully auto- 
matic washing machine. Called Aisaigo Day Fuzzy, it is equipped 
with two optical sensors that can sense the quality and quantity 
of dirt. With the cloth-quality sensor, the 83 000-yen machine 
can perceive the size of the load and the type of detergent (liq- 
uid or powder). On the basis of this information, the microcom- 
puter with the fuzzy control selects the most suitable of about 
600 different ways to wash the clothes. 


FEC rate 


Help for the consumer 


A big problem with consumer electronic products has always 
been how to connect them up and use them. As these products 
have proliferated in recent years, the confusion has compound- 
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2. DigiCipher simulcast HDTV system parameters 








ed. But there are some glimmers of 
hope for the befuddled consumer. For 
example, some videocassette recorders 
(VCRs) on the market can be pro- 
grammed with bar-code readers. And 
with VCR Plus+, a remote control de- 
vice from Gemstar Development Corp. 
($59.95-$69.95), a user can program a 
VCR by simply keying in a code num- 
ber that appears opposite the program 
to be taped in many newspaper listings. 
The device makes use of a mathemati- 
cal algorithm that converts the code 
numbers to the proper time slots and 
channel numbers. 

In a technological innovation, Mat- 
sushita unveiled a voice-interactive 
programming VCR at the Japan Elec- 
tronics Show 790 in Tokyo in October. 
The VCR uses advanced voice recog- 
nition/ synthesis technology that can 
understand the speech of an unspeci- 
fied speaker—one whose speech pat- 
tern has not been preregistered with the 
VCR. 

Programming a VCR is to many 
people one of the most frustrating tasks 
imaginable. But with the Matsushita 
unit, it is simple. Programming begins 
when the remote control in a syn- 
thesized voice tells the user how to start. 
It says, ‘““We will now begin program- 
ming. What channel would you like 
to record?” The user then speaks a 
command—“Three,” for example. The 
spoken exchanges continue through 
each phase of the input process, includ- 


19.43 Mb/s ¢ 
4.86 MH ing selecting the day and starting and 
: ending times. Confirmation that the 


programming has been done correctly appears on the remote con- 
trol unit’s liquid-crystal display. The final result is verified by the 
display and by the synthesized voice, which says, for example, 
“You have programmed to record Channel 3 on Thursday from 
7:00 p.m. until 8:55 p.m.” 

Ease of use is also one of the hallmarks of audio-video 
receivers. They have been around for several years but with the 
proliferation of VCRs, laserdisc players, camcorders, surround- 
sound amplifiers, and so forth, they are more valuable than ever. 
The newer units include Dolby Pro-Logic surround sound and 
users can connect all of their audio and video equipment to the 
receiver and control the lot with just one easy-to-use remote con- 
trol unit. 

Dolby Pro-Logic was featured in the May introduction by Pi- 
oneer Electronics (USA) Inc., Long Beach, Calif., of its VSX- 
DIS audio-video receiver, which serves several rooms. The unit’s 
twin 50-bit digital signal-processing system maintains signal pu- 
rity during the processing of audio enhancements (such as Dolby 
Pro-Logic) to ensure optimum sound reproduction within five 
digitally simulated sound fields. Through use of an optional MR- 
100 infrared adaptor and a pair of speakers or a video monitor, 
the multiroom function allows listeners to access and operate sep- 
arate sources from anywhere in the home at independent volume 
levels. Two persons, each with a remote control, can simultane- 
ously command two different system components from separate 
rooms. 

The system accommodates five audio inputs (compact disc, 
phono, tape-1l, tape-2, and line) and six video inputs (VCR-1/-2/ 
-3, videodisc player, television, and video), allows two-way dub- 
bing, and includes S-video (Super VHS) terminals. Suggested re- 
tail price is $1350. 5 


FT 


1050/2:1 interlaced 
20,90 Hz 


22 MHz 
5.5 MHz 
660 lines per picture height 
660 lines per picture height 
27.18 ps 
4.63 ys 
51.8 MHz 


960(V) x 1408(H) 
480(V) x 352(H) 


15 kHz 
44.05 kHz 
85 dB 


130/154 


IEEE SPECTRUM JANUARY 1991 








TECHNOLOGY 1991 


TRANSPORTATION 





Europe establishes new air traffic control system 


Airbus confounds Indian Airlines 
First MD-11 wide-body jet is delivered 
English Channel bores join 


Western European nations launched a project to unify and up- 
grade their air traffic systems in three stages from 1990 through 
2005. The crash of an Indian Airlines Airbus A-320 was attributed 
to pilot error, a consequence of inadequate training. A new com- 
mercial aircraft, the MD-11, entered the market, while develop- 
ments in rail technology, notably an underwater linkup between 
France and the UK, made some gains. 





Handling more flights in Europe 


To manage the increasingly heavy schedule of flights across 
Europe and over European airports and in air routes, the 11- 
member European Organization for the Safety of Air Naviga- 
tion (Eurocontrol), is pressing ahead with an advanced integrat- 
ed air traffic control system. Based in Brussels, Belgium, Eu- 
rocontrol expects the new system to handle more flights, forecast 
to double within 10-15 years, and save airlines fuel by reducing 
takeoff and landing delays as well as by shortening flight paths. 

The system, called Enhanced Air Traffic Management and 
Mode S Implementation in Europe (Easie), will automate air traf- 
fic control functions. One of its central elements is the Aero- 
nautical Telecommunications Network (ATN), which will link 
various subnetworks to provide transparent data communication 
between airborne systems (processors or the pilot) and ground 
air traffic control (processors or controllers). The subnetworks 
include the air traffic control ground networks, avionic networks, 
and the mode S data link, a U.S. standard for which many airlines 
have equipped their fleets with transponders to meet requirements 
for operating in U.S. airspace. Easie also handles satellite and very 
high-frequency signals. 

Easie will be installed first in the busiest airports and airways— 
in Belgium, France, Germany, Luxembourg, the Netherlands, Por- 
tugal, England, and Wales. In time, the system may be extended 
to include Austria, Ireland, Italy, Malta, Spain, Switzerland, and 
the rest of Great Britain. 

The design phase, to be completed in 1995, will describe the 
functions and integration of all system components. Implemen- 
tation of the core area is expected to be completed by 2001. 

Also, by 1995, the 23-member transport 


ministers of the European Civil Aviation 
Conference (ECAC) agreed in April that @g/ fe /S fei pe) 


their national air traffic control systems 
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fleet of 14 Airbus jets pending a Government investigation. 

Three months later, a confidential report produced by a 
Government committee headed by Air Marshall S.S. Ramdas 
found that the twin-engine, 150-seat Airbus A-320, which took 
off from Bombay, had approached the runway at Bangalore air- 
port at too low an altitude and at the wrong angle, according to 
Indian press reports. 

The report faulted Indian Airlines, which serves India and 
neighboring countries, for not adequately training its pilots to 
fly aircraft as sophisticated as the Airbus, built by Airbus Indus- 
trie, Blagnac, France. The airline apparently accelerated the train- 
ing of its pilots, engineers, and maintenance crew to operate its 
new Airbus fleet as soon as possible. The report is further said 
to have criticized Aeroformation, an Airbus subsidiary that pro- 
vides initial pilot training, for not emphasizing the limitations 
of the aircraft. It recommended tightening requirements for pilot 
training. 

Finally, the airport runway at Bangalore was not equipped with 
an instrument landing system to send radio signals to the aircraft’s 
avionics for automatic landing. But even if it had been, the jet’s 
position would have prevented contact. 

In December, after the A-320 jets had helped in bringing back 
Indians trapped by the Persian Gulf crisis, Indian Airlines was 
allowed to fly its Airbus fleet again for regular passenger service. 


More security for airports 


In the United States, the focus was on security. The U.S. Presi- 
dent’s Commission on Aviation Security and Terrorism completed 
the investigation of air safety triggered by the bombing of Pan 
American World Airways Flight 103 over Lockerbie, Scotland, 
on Dec. 21, 1988. The commission found the U.S. civil aviation 
security system in need of major reform and the Federal Avia- 
tion Administration (FAA) inadequate in its anticipation of fu- 
ture threats. In its words, “Pan Am’s apparent security lapses and 
FAA’s failure to enforce its own regulations followed a pattern 
that existed for months prior to Flight 103, during the day of the 
tragedy, and—notably—for nine months thereafter.” 

The commission, chaired by Ann 
McLaughlin, former U.S. Secretary of 
Labor, recommended that FAA make it a 
top priority to develop equipment for detect- 








must be able to communicate electronical- 
ly in the areas having the highest traffic 
density—Belgium, France, Great Britain, 
Luxembourg, the Netherlands, and north- 
ern Germany. By 1998, such communication 
should extend to other members. 


Airbus pilot training faulted 


On aclear and sunny day in February, an 


Indian Airlines Airbus A-320 crashed upon 
landing in Bangalore, India, killing 90 peo- 
ple. The Indian director general of civil avi- 
ation immediately grounded the airline’s 
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Success: The French TGV broke a speed record 
by achieving 520 kilometers per hour in trial runs 
along its new Atlantique line in May. 

Shortfall: An Indian Airlines crash was attribut- 
ed to inadequate training of the airline’s pilots in 
flying its new fleet of Airbus A-320 jets. 
Notable: Europe is pressing ahead with an ad- 
vanced, integrated air traffic control system that 
will initially cover its busiest airports and airways 
and perhaps evolve to encompass Western 
Europe. 

Newsmakers: The U.S. President's Commission 
on Aviation Security and Terrorism faulted the Fed- 
eral Aviation Administration for lax supervision and 
Pan American World Airways for poor safety proce- 
dures in connection with the Lockerbie sabotage. 
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ing plastic explosives, the most likely cause 
of the Lockerbie explosion. It also advised 
deferring the FAA requirement that all U.S. 
carriers acquire thermal neutron analysis 
(TNA) machines for this purpose, because 
the Lockerbie bomb is believed to have been 
at most half the weight of plastic explosive 


that current TNA machines can detect. 


MD-11 debuts 


Last November, McDonnell Douglas 
Corp., based in St. Louis, Mo., delivered the 
first of its new MD-I11 jets to Finnair Oy, the 
Finnish airline, a few weeks after the FAA 
certified the airplane. The MD-11 is the com- 
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pany’s newest large commercial aircraft since the DC-10 was in- 
troduced in 1972. 

In contrast to the DC-10, which has a three-seat cockpit, the 
MD-I1’s advanced flight deck obviates the need for a flight en- 
gineer seated behind the pilot and co-pilot, yet does not add to 
the burdens on the pair, according to McDonnell Douglas. Like 
the jets introduced in the 1980s, the MD-11 has a two-seat cock- 
pit with automatic system controllers in overhead panels that 
monitor and configure the fuel, hydraulic, electric, and environ- 
mental systems. Each system is controlled by two redundant com- 
puters and is independent of the other systems. 

What is unique about the MD-11 is the sophistication of the 
manual system to which the systems revert when both computers 
fail. To date, it is the most advanced backup system in the indus- 
try, the company said. It is comparable to the controls a pilot 
would have to maintain routinely in the two-seat cockpit of air- 
craft introduced in the early 1980s, said Joseph Ornelas, man- 
ager of MD-I11 flight tests. 

In addition, the flight deck computer has been programmed 
to take corrective action whenever necessary. For instance, if one 
of the six cathode-ray tube displays failed, the computer would 
reconfigure the other five to include data from the blank screen, 
obviating manual correction by the pilot. 

The MD-11, moreover, is claimed to be the first commercial 
aircraft to have a universal cockpit design. This will allow different 
airlines to use identical simulators to train pilots for the new jet-—a 
two- to four-week process. Easier maintenance and resale are 
other advantages. And system integration is enhanced because 
all the avionics systems were supplied by the same company, 





ANTHONY R. EASTHAM: 
EXPERT OPINION 


‘The TGV demonstration provided 
convincing evidence that high- 
speed rail can be developed beyond 
the current operational speeds of 
nearly 300 km/h.’ 


Transportation is a sector that sel- 
dom experiences a breakthrough. It 
uses advanced technologies that 
have been developed for more 
general purposes to produce incremental enhancements. 

For instance, transportation uses such advanced materials as 
composite-layer structures for car bodies and thermoplastics 
for low-friction bearing surfaces in rail trucks; expert systems 
for troubleshooting and maintenance operations; computer- 
aided design for vehicle component layout; and digital tech- 
niques with multiplexed cable or optical fiber train communi- 
cation and control lines. 

Other technologies borrowed from are satellite communica- 
tions for surveying and vehicle location and identification; 
materials for improved track and roadbeds; improved motor and 
power conditioner design; microelectronic implementation of 
new control algorithms; and aerodynamics for better energy use. 

While change in transportation is usually evolutionary rather 
than revolutionary, 1990 has provided us with some identifiable 
technology milestones. Most significant, perhaps, was the 
demonstration that high-speed rail is capable of very high-speed 
operation. A modified Train a Grand Vitesse (TGV) achieved a 
speed of 520 kilometers per hour (320 miles per hour) on May 18, 
1990, during a series of trial runs between Courtalain and Vouvray 
on the new Atlantique line southwest of Paris. While TGV does 
not plan to introduce passenger service at such high speeds, 
the demonstration provided convincing evidence that high-speed 
rail can be developed beyond the current operational speeds of 
nearly 300 km/h. 

Meanwhile, development of magnetic levitation systems con- 
tinues. The 400-450 km/h electromagnetically suspended (attrac- 
tion mode) vehicle by the German consortium Transrapid is in 





70 





Honeywell Inc., Minneapolis, Minn. 

McDonnell Douglas has 375 commitments for the tri-engine, 
400-passenger aircraft, which is manufactured at the Douglas Air- 
craft Co. in Long Beach, Calif. 

No new aircraft will emerge from its competitors, Airbus In- 
dustrie and Boeing Co., Seattle, Wash., for several years. In late 
1992, Airbus Industrie plans to deliver the A340, a long-range, 
four-engine aircraft that can seat 295 passengers, while the A330, 
a short-range, twin-engine jet for 335 passengers, is scheduled 
for delivery in 1993. And the dominant Boeing Co. received its 
first order from United Airlines for 34 Boeing 777 twin-engine 
jets, which will seat up to 390 passengers; delivery is expected 
in mid-1995. 


Chunnel linkup 


Construction of the threefold tunnel beneath the English Chan- 
nel linking Folkestone, Great Britain, and Calais, France, passed 
another milestone in December when the two ends of the ser- 
vice tunnel met. A metal probe directed by a laser guidance sys- 
tem aligned the final section of the service tunnel, which is lo- 
cated between the two railway tunnels. The two railway tunnels 
are expected to be completed this fall, and trains are to begin run- 
ning in June 1993. 

Another rail development in Europe was delivery to Sweden’s 
State Railways of a 200-km/h train that is expected to ferry travel- 
ers between Stockholm and Gothenburg in less than 3 hours, 
down from 4 hours. Manufactured by Asea Traction AB, based 
in Vasteras, Sweden, the X 2000 will race over existing tracks, in 
contrast to the high-speed French Train 4 Grande Vitesse (TGV), 


A YEAR OF EVOLUTIONARY CHANGES 


its final stage of preproduction testing and may be implement- 
ed by the mid-1990s. In Japan, 340 billion yen (US $2.5 billion) 
has been committed for the construction and operation of a 40- 
km-long test track in Yamanashi prefecture, 70 percent of which 
will be in a tunnel. The 500-km/h electrodynamically suspend- 
ed (repulsion mode) technology supplied by Linear Express will 
be tested under operational conditions. This test track could form 
part of anew Chuo line, supplying 500-km/h (1-hour) service be- 
tween Tokyo and Osaka early in the next century. While both 
maglev systems could be considered revolutionary, they have 
been evolving over the past 25 years. 

Will there be a renaissance in high-speed ground transporta- 
tion (HSGT) in North America? Growing gridlock on our urban 
and inter-urban arterial roads, and congestion in many air lanes 
and terminals, suggest a developing market for HSGT as acom- 
plementary mode in many high-population-density corridors. 
Transportation infrastructure and financing options in many such 
corridors are being examined in detail in North America and in 
industrializing countries such as South Korea. 

While the need for affordable new technologies is certainly 
a substantive factor driving change in transportation, legisla- 
tion can provide the greatest impetus for development. Thus, the 
public mood in California and elsewhere to improve air quality 
has led to legislation aimed at reducing vehicle exhaust pol- 
lutants. 

This is providing a stimulus not just for better automotive cata- 
lytic converters but also for renewed R&D efforts on electric ve- 
hicles. We will see increased attention paid to a systems ap- 
proach, involving the integration of improved energy sources, 
power conditioning, control, and drive technologies. In addition, 
the use of gasoline taxes for the public-transportation infrastruc- 
ture would provide a boost to the transit industry. 


Tony R. Eastham (SM) is a professor of electrical engineering at Queen’s 
University, Kingston, Ont., Canada, where he conducts research on urban 
and high-speed transportation, linear and rotary electric drives, and elec- 
tromagnetic analysis. He received his Ph.D. in physics from the Univer- 
sity of Surrey, England. In 1972, he moved to Canada and joined the Cana- 
dian Institute of Guided Ground Transport. He is a Director of 
I/EEE-Canada, a past-president of the High Speed Rail Association, and 
vice president elect of the Canadian Association of University Research 
Administrators. 
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Stage 1 





Stage 2 


Stage 3 


for which new dedicated alignments were required. 

To negotiate curves at high speeds, the new train tilts its pas- 
senger cars. An accelerometer on the front car sends signals to 
hydraulic tilting actuators on each passenger car to minimize cen- 
trifugal forces. Like other European trains, the X 2000 uses ac 
propulsion, which requires lower maintenance than dc drives and 
is capable of feeding energy back into the line when the train is 
braking. ; 

Beginning in December 1990, X 2000 trains are to be delivered 
bimonthly through early 1994. By 1992, the State Railways plans 
to introduce the train on its Stockholm-—Malm6 line. 

Some other developments, according to the High Speed Rail 
Association headquartered in Pittsburgh, include the French TGV 
Atlantique line’s extension from Le Mans to Mons, near Tours, 
which was opened in late September to complete the line from 
Paris. 

Also in the works in Europe is a high-speed line between Barce- 
lona and French border cities on which a variation of the TGV 
train will run at 299 km/h. In Germany, Intercity Express will 
begin operation along the Hamburg-Munich line this June. Ital- 
ian Railways meanwhile is testing the new ETRY500 high-speed 
train. And the Soviet Union also has plans for a high-speed train 
linking Moscow and Sheremetyevo; construction is expected to 
begin this year and be completed in 1996. 

Trekking eastward to Japan, a $2 billion, 43-km test track for 
a magnetic levitation train that will use high-temperature super- 
conductors is being built at Sakaigawa, a town in Yamanashi 
Prefecture 130 km west of Tokyo. The test track, much of which 
will tunnel through mountains, will eventually be extended to link 
Tokyo and Osaka. The 523-km journey is expected to take less 
than two hours—considerably less than the three-hour trip cur- 
rently offered by the 26-year-old Bullet Trains. The older trains, 
which are so popular that passengers often have to stand, will 
remain in service on separate tracks, because the new train is un- 
likely to enter service for decades. 

Elsewhere in Asia, the South Koreans are stepping up efforts 


Chen—Transportation 
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Eurocontrol’s Enhanced Air Traffic Management and 
Mode S Implementation in Europe (Easie) will link 
air traffic control ground networks, avionic networks, 
and the standard required for operation in US. air- 
space, Mode S data links. Easie, expected to expand 
in three stages from 7 to 13 nations, will provide trans- 
parent data communication through its Aeronautical 
Telecommunication Network (inset). 





Mode S 
subnetwork 








to build a long-proposed high-speed rail system to link Seoul with 
Pusan. 

Then swooping down south to Australia, a consortium of Aus- 
tralian and Japanese companies has undertaken a study for a 
high-speed train whisking between Sydney, Canberra, and Mel- 
bourne. So far, the group has ruled against magnetic levitation. 


‘ Its conclusions are expected later this year. 


Returning north and across the Pacific, Canada’s Bombardier 
Inc. said it has received financial backing from several Canadi- 
an and French banks for its proposed high-speed line between 
Quebec and Windsor. And in the United States, San Francisco’s 
Bechtel Corp. has received a franchise to construct a high-speed 
magnetic levitation train connecting Los Angeles with Las Vegas. 
The 426-km journey is expected to take 75 minutes on a German 
Transrapid International train. 

In addition, the Southeastern Pennsylvania Transportation 
Authority (Septa) in Philadelphia is still awaiting its rail car fleet, 
the first U.S. fleet with ac traction motors. Originally due in mid- 
1989, the cars were shipped by Asea Traction AB to Indianapo- 
lis, Ind., for assembly by Amtrak. 

While high-speed passenger trains have enjoyed the lion’s share 
of attention, freight trains also have reaped some of the fruits 
of advancing technology. An automatic vehicle identification sys- 
tem by Harmon Industries Inc., Blue Springs, Mo., electronical- 
ly scans a freight car’s transponder at microwave frequency as 
it passes the scanner. Another device, a real-time monitoring sys- 
tem installed at crossings, sends a radio signal to a rail operator 
if a battery runs low or a malfunction occurs. Radio signals are 
beginning to replace wires for short-range communication. # 
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Conventional and strategic cuts deepen 
Unmanned vehicles seek more autonomy 
Lightsat launching gets a boost 
Gamma-ray observation universal 


The Cold War, that catalyst of so many aerospace and military 
developments since World War II, all but concluded in 1990. It 
did not mean the end of sizeable military budgets, but analysts 
in the United States, Europe, and the Soviet Union foresee that 
possibility. So defense contractors are beginning to look for com- 
mercial ventures. 

Arms-control pacts notwithstanding, turmoil in the Persian 
Gulf dominated the military realm last year. Iraq’s August inva- 
sion of Kuwait reminded the world’s public that not all tanks 
should be turned into tractors. Two technology developments of 
the 1980s—night-combat capabilities and better control of elec- 
tromagnetic signatures—may be critical to Gulf combat. Another 
ongoing trend, distancing humans from battle to reduce casual- 
ties, is expected to result in one of the few significant growth areas 
in the 1990s: unmanned vehicles. Space, also a robust area, saw 
the debut of an inexpensive launch vehicle called Pegasus, spon- 
sored by the Defense Advanced Research Projects Agency 
(Darpa). And that spells good fortune for “lightsats’’—small, 
cheap satellites. 

In civilian aerospace, the Hubble Space Telescope debacle cast 
a long shadow [“‘The Media Event,” p. 31], although some bright 
stellar images proved salvageable by computer reconstruction. 
Officials at the National Aeronautics and Space Administration 
(NASA) hope the next one of their four orbiting observatories, 
the US $550 million Gamma Ray Observatory, will be lofted with- 
out glitches in the first half of 1991. Commercial space ventures 
took off last year, and are changing the landscape for launch- 
ing. Japan and Europe achieved notable successes with some 
spacecraft. 


Military regrouping 





A historic arms pact was signed in November by the Soviet 
Union, the United States, and their respective allies that limits 
the number of tanks, aircraft, artillery, and armoured vehicles 
in Europe. The limits will severely hamper any military offen- 
sive on the Continent. Accords on chemical weaponry and stra- 
tegic nuclear weapons are also in the works. 

The first post-Cold War defense budget saw no cancellations 
of any large U.S. weapons systems. Pentagon outlays for fiscal 
1991, not counting Persian Gulf costs, were to decline by $6 bil- 
lion to $288 billion. Nevertheless, such observers as the Electronic 
Industries Association (EIA), Washington, D.C., predicted the 
defense budget will decline by one-third of its 1990 level. Simi- 
larly, a report by the Stockholm International Peace Research 
Institute in Sweden said that the West European arms industry 
may have to lay off as much as one-third of its work force. The 
Soviet Union defense industry is perhaps undergoing the most 
dramatic change [“Soviet officials visit Boston for ideas on arms 
conversion,” THE INSTITUTE, December 1990, p. 3]. 

The EIA study noted that Pentagon planners are concentrat- 
ing efforts on saving existing programs such as the B-2 stealth 
bomber. Retrofit and modification upgrades are not that much 
of a near-term priority, especially since arms control pacts will 
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result in fewer old weapons. Two Advanced Tactical Fighter 
prototypes—one (YF22) by a Lockheed, Boeing, and General Dy- 
namics team, another (YF23) by Northrop and McDonnell 
Douglas—debuted last year to begin a flyoff competition for an 
award this July by the Air Force. At stake is a $60 billion con- 
tract for 750 of the aircraft. The Navy’s A-12 Avenger, a stealthy 
attack fighter being developed by General Dynamics and McDon- 
nell Douglas, is suffering from cost overruns and turmoil in the 
Navy contract office. 

In general, tactical programs fared better than strategic ones 
in Congress’ fiscal 1991 budget. Congress whittled the Star Wars 
budget again this year, ignoring the Administration’s $4.5 billion 
request and allotting $2.9 billion—the lowest funding in five years. 
After spending $20 billion, the Strategic Defense Initiative (SDI) 
has reached a stage of many tests. For example, last year saw the 


WHAT ‘PEACE DIVIDEND’? 


ROBERT S. COOPER: 
EXPERT OPINION 


‘The current distress in the aero- 
space and defense industry may be 
the catalyst, so far lacking, to 
awaken the U.S. government.’ 


Defense and aerospace technology 
was heavily affected this past year 
by world geopolitical changes, by a 
financial crisis in the Federal 
government, and by a plethora of technical and political failures 
related to U.S. government sponsored R&D initiatives. In October 
of 1989, the Berlin Wall came crashing down, followed in quick 
succession by declarations of independence of some of the 
USSR’s 15 republics, the de facto dissolution of the Warsaw Pact, 
the formation of new democratic free-market institutions, the 
rapid withdrawal of Soviet troops and equipment from Eastern 
Europe, and the reunification of Germany. 

Although Soviet strategic force modernization continued and 
formal treaties limiting strategic and conventional forces were 
not signed, U.S. citizens came to expect an instant “peace divi- 
dend” and a massive, rapid redeployment of the defense and 
aerospace resources. With congressional elections looming, 
Congress, instead of seriously addressing the industry’s tran- 
sitional problems, largely exploited the peace dividend issue po- 
litically; the result was a deadlock with the President over the 
defense budget. 

Throughout this period, the primary questions that had to be 
addressed in the industry by technologists and businessmen 
alike were, “What impact will these cataclysmic changes have 
on me and my business?” and “What should | do to lessen their 
undesirable effects and take advantage of new opportunities?” 
Then, on Aug. 2, 1990, Iraq invaded Kuwait, providing what prob- 
ably was some much-needed planning lead time to prepare for 
major readjustments to come. But this respite can only be tem- 
porary. What are the realities of the changes in store? 

Views differ. Both realistic assessments and bold rationali- 
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first tests of a ground-based interceptor 
rocket, a laser relay system to bounce beams 
from the ground to space mirrors and finally 
to targets and off the Airborne Optical Ad- 
junct for tracking warheads in space. Many 
tests went awry, to the dismay of SDI offi- 
cials, who nevertheless observed that such 
failures were to be expected in early tests of 
an ambitious program. One notable SDI 
feature was nuclear-driven energy weapons: 
after some $1.5 billion in expenditures since 
1985 but little progress, Congress stopped 
development last year. These weapons had 
been touted by physicist Edward Teller as a 
major reason to begin the Star Wars proj- 
ect. Antisatellite weapons, both kinetic kill 
and laser varieties, are to keep going 
forward. 

In the conventional arena, the EIA forecast predicts unmanned 
vehicles to be one of the few significant growth areas for plat- 
forms in the 1990s. For example, simple and effective drones are 
being used at land and sea for aerial surveillance in the Gulf. A 
sophisticated underwater version sponsored by Darpa, Arling- 
ton, Va., and built by the Charles Stark Draper Laboratory Inc., 
Cambridge, Mass., began testing last year. The Unmanned Un- 
dersea Vehicle is one of many subsea robot programs worldwide. 

The Navy envisions many uses for free-swimming robots. 
Among those mentioned by Rear Admiral Daniel J. Wolkensdorf- 
er, head of the Navy’s antisubmarine warfare research, are: 


in Europe. 


HIGHLIGHTS 


Success: The Soviet Union, the United States and 
20 other countries signed an accord—some called 
it an armistice ending the Cold War—to reduce 
tanks, artillery, and other conventional weapons 


Shortfall: No one realized the $1.5 billion Hubble 
Space Telescope was balky until it reached orbit. 
Notable: Japan’s space agency announced plans 
to establish a manned outpost on the moon by 
-2010 with a view toward permanent settlement. 
Newsmaker: Saddam Hussein, !raq’s ruler, 
reminded a world entranced by cooperation of the — 
blunt power of military force when he invaded 
Kuwait and jeopardized the West’s flow of oil. 


deploying and neutralizing mines; tracking 
enemy submarines and ships; and mimick- 
ing friendly submarines to befuddle a foe. 
Potential civilian uses include mapping off- 
shore exclusive economic zones, aiding oil- 
field work, and monitoring the oceans as 
part of global climate-change research. 

Darpa’s Unmanned Undersea Vehicle was 
dropped into the ocean last year to begin 
tests, primarily from San Diego, Calif. The 
torpedo-shaped titanium vehicle, 36 feet (11 
meters) long, displaces 15 000 pounds (6800 
kilograms) and uses silver oxide-zinc batter- 
ies for its electric motor propulsion. It is 
“designed for high speed and long endur- 
ance,” according to a Draper spokesman, 
who added that the vehicle uses advanced 
technologies in navigation sonar, a fault-tolerant vehicle con- 
troller, propulsors, and engine components. A Pentagon spokes- 
man said three mission packages will be tested: a tactical acous- 
tic system by Martin Marietta Corp., based in Bethesda, Md.; 
a mine-search system by Lockheed Corp.; and a remote surveil- 
lance system whose contractor is yet to be determined. Much of 
the work on these vehicles is classified; the Pentagon pulled a 
paper from an IEEE session last year by two Draper employees 
on control of the submersible at low speeds. 

Power storage is a major limiting factor for many roving robots. 
So the Naval Surface Warfare Center, White Oak, Md., is trying 
to devise a rechargeable lithium-cobalt oxide battery with as much 

















zations underlie the strategic plans of large and small high- 
technology companies alike. An example is the variety of opin- 
ions on whether or not treaty verification equipment needs will 
provide a major new business opportunity to take up some of 
the defense slack. Proponents of this position point to the new 
legislative initiative sponsored by Senator David L. Boren (D- 
Okla.), chairman of the Senate Select Committee on Intelligence, 
to expand the programs contributing to high-technology verifi- 
cation through National Technical Means inspections. Others 
believe that on-site inspection provisions in treaties limiting arms 
buildup and open Soviet borders will provide access to territo- 
ries and other sources of information formerly denied to intelli- 

gence. This will greatly decrease our reliance on the expensive 
technical systems for treaty verification and for the traditional 
science and technology assessment of the USSR. 

Some companies are planning to invade civilian and commer- 
cial markets to exploit the technologies and experience they have 
gained in defense and aerospace. They point to the success of 
such small civilian-market-oriented companies as Magellan Sys- 
tems Inc., Monrovia, Calif., and Trimble Navigation Ltd., Sun- 
nyvale, Calif., which have built their entire business by market- 
ing civilian applications of global-positioning-system navigation 
receivers. 

Others, though, such as Northrop Corp., Los Angeles, in a re- 
cent declaration by its chief executive officer Kent Kresa, 
reaffirmed their intention to remain in the defense and aerospace 
business. Recalling abortive attempts to commercialize after the 
Vietnam War, Northrop is casting its lot with the fortunes of its 
politically troubled B-2 bomber and the highly competitive ad- 
vanced tactical fighter programs. 

As defense procurements are cut back, a chill has descend- 
ed on those who have adopted a strategy of focusing market- 
ing attention on the National Aeronautics and Space Adminis- 
tration (NASA) and its recently expanding share of the Federal 
budget. But last year, a series of technical problems plagued 
such NASA programs as the Space Shuttle, the Hubble Space 
Telescope, and the Venus mapping mission, prompting Vice 
President Dan Quayle, who heads the National Space Council, 
to call for a 12-member committee review of the beleaguered 
space agency’s efforts. The committee’s chairman, Norman R. 
Augustine, chairman of Martin Marietta Corp., Bethesda, Md., 
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noted during the release of the panel’s report in December that 
“NASA is not as troubled as some people suggest—nor as good 
as it will have to be to carry out the program we suggest.” The 
committee urged a shift to unmanned launchers and a higher 
priority for scientific research, such as Mission to Planet Earth 
and planetary exploration. 

Meanwhile, during these uncertain times, industry is in part 
looking to the Federal government for leadership to remain com- 
petitive and to help aerospace and defense-oriented companies 
enter new high-technology commercial markets. Will the Ad- 
ministration respond? The signals are mixed. On one hand, John 
Sununu, White House chief of staff, and Richard Darman, Budget 
Director, have spoken out publicly against a U.S. industrial poli- 
cy, and the Department of Defense relieved Craig Fields, direc- 
tor of the Defense Advanced Research Projects Agency (Darpa) 
from his post for supposedly supporting such a policy. 

Yet the Administration has accepted, without objection, acon- 
gressionally initiated program within the Department of Com- 
merce to aid in technology transition by funding commercial 
high-technology joint ventures with industry, a sort of commer- 
cial Darpa. In addition, D. Alan Bromley, the President’s science 
advisor, has endorsed a new Government High Performance 
Computing Initiative, which could pass for an attempt to mar- 
shal the nation’s industrial computer technology resources for 
the next round in the international computer wars. This is clear- 
ly an industrial policy thrust. 

If the focus on R&D technology is now destined to shift away 
from the Department of Defense after 45 years of concentration 
there, then a U.S. industrial technology policy and some new 
Government institutions are certainly necessary in the very near 
term. It may be that the current distress in the aerospace and 
defense-oriented industry may be the catalyst, so far lacking, 
to awaken the’U.S. government to action. 


Robert S. Cooper (F) is chief executive officer of Atlantic Aerospace, 
Greenbelt, Md., a defense electronics company he founded in 1985. Coop- 
er directed the Pentagon’s Defense Advanced Research Projects Agen- 
cy, Arlington, Va., during the early 1980s and headed the National Aero- 
nautics and Space Administration’s Goddard Space Flight Center during 
the late 1970s. A member of \EEE Spectrum's editorial board, Cooper 
received a Ph.D. from the Massachusetts Institute of Technology in Cam- 
bridge. 
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as 2.5 times the energy density of that of silver-zinc. Other 
researchers believe fuel cells will be the best power source for long- 
range missions. One paper in the 1990 IEEE Symposium on Au- 
tonomous Underwater Vehicle Technology, held in Washington, 
D.C., cited a three-month mission covering 6000 nautical miles. 

Because of ever-more-prodigious computing power in compact 
packages, these robots can often rely on such highly sophisticat- 
ed machine intelligence as expert systems and artificial intelli- 
gence. Neural networks are another technique for robotics, in- 
cluding voice and vision recognition. Last year, for instance, 
Sandia National Laboratories, Albuquerque, N.M., produced a 
neural net that distinguishes tanks from houses, trees, and cars 
on a model terrain board 91 percent of the time. The various aerial 
angles used in the tests included orientations never viewed be- 
fore by the neural net. The image recognition from raw video takes 
about 4 seconds, at 2.5 billion connections per second, in con- 
trast to about four hours on a standard scientific workstation like 
a Sun 3. Sandia is examining a next-generation design to push 
speed beyond a trillion (10’”) connections per second. Other in- 
stitutions, like Lincoln Laboratory, Lexington, Mass., are also 
investigating neural-net image recognition for national security 
and biomedical applications. 

Dwindling military budgets are giving simulation an even more 
important part to play in evaluating various prototypes or tech- 
nical upgrades in the early stages of the work. Don Gum, chief 
of the control integration and assessment branch at Wright- 
Patterson Air Force Base in Ohio, noted that simulations also 
allow operational pilots to examine the technology “and then tell 
the engineers how it can be best used in combat missions.” 


Commercial space endeavors 


The small-is-beautiful creed got added strengthening last year 
in the satellite industry with the successful first launch of the 
Pegasus booster. Pegasus is a Darpa-sponsored winged rocket 
launched from an airplane into space carrying what are called 
lightsats of weights below 500 kilograms. It is built by Orbital 
Sciences Corp., Fairfax, Va., and Hercules Aerospace Co., Magna, 
Utah. A Pegasus launching should cost about $8 million and take 
no more than three days. Darpa is also sponsoring a larger launch- 
er at Orbital Systems Corp. called Taurus with a still-speedy lift- 
off goal of eight days. 

Darpa is to launch seven 47-Ib (21-kg) “microsats” built by De- 
fense Systems Inc., McLean, Va., on Pegasus’ second flight in 
January. These quickly launched communications satellites could 
help battlefield users, once proven several years from now, ac- 
cording to Darpa. The first Pegasus commercial customer, in 
1992, is to be a Swedish “Freja” auroral research spacecraft, previ- 
ously slated to be boosted by China’s Long March rocket. 

Many other lightsat schemes are being considered or are under 
development, among them: the SDI’s “Brilliant Pebbles” plan 
for some 4600 orbiting interceptors; Los Alamos National 
Laboratory’s Alexis project for an array of tiny imaging space- 
craft for arms control; Motorola Inc.’s Iridium project of 77 light- 
sats for worldwide cellular phone communications; and NASA’s 
Small Explorer program, where lightsats will be launched start- 
ing in 1992 to give young scientists more access to space. 

Pegasus is only one of the new launching alternatives for com- 
mercial space ventures. Martin Marietta began its first public 
space venture, Commercial Titan Inc., with a first launching on 
New Year’s Eve in 1989. General Dynamics Corp.’s Commercial 
Launch Services, of San Diego, Calif., lofted its first commer- 
cial Atlas last July and is viewed as a major competitor to Eu- 
rope’s Arianespace. McDonnell Douglas Corp., St. Louis, Mo., 
continued its Delta II commercial launchings, which, at rough- 
ly $50 million a flight, save the Pentagon $13 million to $17 mil- 
lion compared with previous launches using NASA/U.S. Air 
Force controllers. 

Arianespace continued to dominate commercial space opera- 
tions in 1990. It launched six rockets, which carried nine prima- 
ry spacecraft. Both Ariane and Titan rockets had misfirings last 
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year. Arianespace’s destroyed cargo of $189 million was the largest 
prospective loss in space insurance history, but that did not in- 
crease the premiums, which now run about 20 percent of space- 
craft value (compared with about 4 percent in 1983). 

Borderless space is forging a number of partnerships. Last 
February, an experiment in automated protein-crystal growth 
from Payload Systems Inc., Cambridge, Mass., became the first 
U.S. commercial cargo to be orbited aboard the Soviet Mir space 
station. The Soviets are negotiating with United Technologies 
Corp., Hartford, Conn., and Australian interests to build and 
operate a commercial launch site at Cape York, Australia. The 
Cape York Space Agency would initially offer launches on the 
Soviet Zenit 2 (SL-16) booster. Each launch of a satellite up to 
15 700 kg into low-Earth orbit would cost $70 million. 

The defense systems unit of Unisys Corp., McLean, Va., and 
Energetics Satellite Corp., Englewood, Colo., announced plans 
last November to build and operate a geostationary satellite sys- 
tem offering to track cargo carried on ships, trains, or trucks and 
to remotely monitor such features as utility lines and pipeline flow. 
Operation is expected to begin in the mid-1990s. Houston-based 
Space Commerce Corp. is to provide launch services using Sovi- 
et Proton vehicles, subject to U.S. government approval, at a cost 
of $56 million each for eight launches. 

In addition to its Hubble telescope problems, NASA was be- 
deviled with the space shuttles Atlantis and Columbia, which were 
repeatedly delayed, disassembled, reassembled, rescheduled, and 
further delayed by mechanical and scheduling problems. 

The agency’s Magellan radar mapping mission to Venus began 
badly when ground controllers kept losing contact with the space- 
craft. But after careful tending, the orbiter has produced detailed 
images of the perpetually cloud-shrouded Venusian surface, with 
expected surprises to planetary geologists. 

A much-needed success for NASA was its recovery of the Long 
Duration Exposure Facility (LDEF), the first of a spacecraft 
designed to be released and retrieved by another spacecraft. It 
was released by the Challenger shuttle in 1984, but its planned 
1985 recovery was delayed by the grounding of the shuttle fleet 
after the Challenger disaster that year. The $400 million LDEF, 
which carried 57 experiments, was only weeks away from reen- 
try into Earth’s atmosphere. 

Congress allocated $13.9 billion to NASA for 1991, a 13 per- 
cent rise, nine percentage points lower than the jump proposed 
by the Bush Administration. The legislators gave $1.9 billion to 
the space station, compared with $1.8 billion for the 1990 ap- 
propriation. Calls in Congress for restructuring the station pro- 
ject as it underwent its preliminary design review were echoed 
by a 12-member committee led by Norman R. Augustine, chair- 
man of Martin Marietta Corp., reporting to the Administration’s 
National Space Council. 

The Augustine committee recommended in December that 
NASA decrease its reliance on the shuttle and simplify design 
of the space station so its construction can be on a cheaper, “more 
evolutionary, modular basis.” The station’s main purpose should 
be life sciences, such as living in weightlessness, and secondari- 
ly, microgravity experimentation, including processing of new 
materials. Over its six years, the space station project has had 
six program managers. 

A committee of the National Research Council, looking at 
long-term space efforts for the moon and Mars exploration also 
criticized current space transports, urging “‘a plan for gracefully 
phasing out the shuttle system.” Because of chloride pollution 
of the atmosphere by solid-propellant boosters, it recommend- 
ed development of a reliable liquid-fueled rocket and work in nu- 
clear thermal propulsion and nuclear electric power generation. 

NASA’s own Aerospace Safety Advisory Panel found that 
many safety problems “that could have been modified to reduce 
risk have been allowed to persist.” If risks are not further reduced, 
the report said, another accident “will most likely occur.” The 
panel is chaired by Joseph Sutter, former executive vice president 
of Boeing Aircraft Co. and a member of the Presidential Com- 
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mission that reviewed the Challenger tragedy. 

At $400 billion over 25 years, NASA’s initial estimate for the 
Moon/Mars mission prompted a search for alternatives. (The 
Apollo Lunar Program cost $120 billion in 1990 dollars, when 
NASA’s total budget was about 0.8 percent of the gross national 
product. Now the NASA budget is only about 0.3 percent of GNP, 
but it is rising.) One controversial idea from Lawrence Livermore 
National Laboratory, Livermore, Calif., was a permanent lunar 
outpost, using inflatable structures at a cost of $10 billion. 

Lunar exploration got a big boost last May when Japan an- 
nounced plans to land on the moon using robots by the year 2000. 
Japan hopes to construct a lunar base for humans by 2010. An 
important step toward that goal was the successful launch of the 
Muses-A lunar spacecraft last January on a Nissan M3S-2 booster 
from Japan’s new Kagoshima Space Center in Tanegashima. This 
is the first lunar mission since the Soviet Luna-24 craft was 
launched in August 1976. The Japanese mission is testing both 
spacecraft design and tracking and control systems. 

The Paris-based European Space Agency launched its Ulysses 
solar observatory from the space shuttle Discovery in October. 
Using two solid-fuel boosters, the 370-kg spacecraft was hurtled 
from low-Earth orbit toward Jupiter. A space launch was neces- 
sary because no combination of launch vehicles could impart the 
energy needed for a direct ascent to the orbit around the Sun’s 
poles. Ulysses’ December 1991 swing through Jupiter’s power- 
ful gravitational field will redirect its trajectory to approach the 
Sun’s southern pole in April 1994. The orbiter is to examine for 
the first time solar phenomena at all solar latitudes, particular- 
ly at the unobserved north and south poles. 

An important growth area for satellites is environmental re- 
mote sensing. France launched the 1870-kg SPOT-2 satellite last 
year. SPOT continues to compete strongly with the U.S. Land- 
sat program, managed by Earth Observation Satellite Co. (Eosat), 
Lanham, Md. The new SPOT satellite uses three multispectral 
sensor bands covering 0.50-0.89 micrometer and has a high- 
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The Gamma Ray Observatory, soon to be 
orbited, is the second (after the Hubble 
Space Telescope) of four spacecraft in 
NASA’s Great Observatory program. Four 
instruments, from U.S. and German insti- 
tutions, will view various bands of gamma 
radiation. It promises a unique view of the 
universe, particularly of dynamic objects 
such as black holes and neutron stars. 


resolution, wideband panchromatic mode 
(0.51-0.73 ym). The Landsat provides simi- 
lar, but not identical, spectral coverage, but 
its spatial resolution is limited by archaic 
U.S. national security considerations to 
about 30 meters. SPOT’s 10-meter pan- 
chromatic resolution has made it the dar- 
ling of the world’s television media during 
environmental and political crises. 

ESA’s Hipparcos, its first astrometry 
satellite, is working well despite failure of 
its apogee boost motor, which prevented 
transfer to the proper geostationary orbit. 
Stranded in a highly elliptical orbit, Hip- 
parcos was initially given up for lost. But 
valiant efforts by the ESA controllers saved 
the mission. Soon after the boost failed, 
“we realized that the power system would 
face crucial tests around mid-March when 
the satellite would experience very long 
solar eclipses, during which Hipparcos re- 
mained in Earth’s shadow,” explained 
» project manager Hamid Hassan. 

But careful power management, direct- 
ed from the ESA Operations Control Cen- 
ter, near Darmstadt, Germany, allowed Hipparcos to endure the 
longest eclipse of 105 minutes on March 16 without interruption 
of its tasks. It survived with barely five minutes remaining of on- 
board battery power, Hassan said. The spacecraft is designed to 
measure stellar parallaxes and proper motions of 100 000 stars 
to a precision of 2 milli-arcseconds. 

If all goes as planned, NASA’s Gamma Ray Observatory (GRO) 
will be launched in the first half of this year. It is the second (after 
Hubble) of four spacecraft in NASA’s Great Observatory pro- 
gram for viewing the universe, from thermal infrared to the gamma 
rays, beyond atmospheric interference. At 15.3 metric tons, the 
GRO will be the heaviest payload ever deployed from the shuttle. 

Because gamma rays are not attenuated as much as visible light 
or even X-rays by interstellar dust and gasses, the images should 
furnish a new, unobscured view of much of the universe, espe- 
cially dynamic objects like neutron stars and black holes, which 
do not radiate in the visible spectrum. 

GRO was assembled by TRW Inc., Redondo Beach, Calif., and 
carries four primary instruments. One scintillation spectrome- 
ter, by the Naval Research Laboratory, Washington, DC., will look 
at low-energy gamma rays. The Burst and Transient Source Ex- 
periment, by the George C. Marshall Space Flight Center in 
Huntsville, Ala., is to monitor single and repetitive events with 
submillisecond resolution for study of emission mechanisms. 

Also on GRO will be Germany’s Imaging Compton Telescope, 
detecting gamma-ray photons between 1 and 30 million electron 
volts to provide directional determination and the imaging charac- 
teristics needed to study point sources. It was built at the Max 
Planck Institute for Physics, Garching, Germany. The fourth in- 
strument, built by Max Planck Institute, Stanford University in 
California, and Goddard Space Flight Center, Greenbelt, Md., 
will observe the most energetic portion of the gamma-ray spectrum, 
up to 30 GeV, determining both direction and spectral energy dis- 
tribution. The four instruments consume only 500 of the 1700 
W provided by the 21.3-meter span of solar panels. 5 
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TECHNOLOGY 1991 


Fast MRI promises real-time imaging 
Ultrasound rebounds 
Gallstone lithotripsy questioned 


A combination of technological advances in magnetic resonance 
imaging (MRI) is unveiling new horizons for brain surgery. No 
longer seen as merely a diagnostic tool, MRI, which images soft 
tissues by applying a strong magnetic field and radio-frequency 
pulses to the body, is beginning to be viewed as a powerful ad- 
junct in the operating room, providing positioning guidance and 
treatment feedback. 

The use of MRI for deteitiad phosphorus and other elements 
in tissue, known as magnetic resonance spectroscopy (MRS), may 
have found its first clinical application in diagnosing coronary 
artery disease. New applications for ultrasound are cropping up 
as well, thanks to improvements in sensor technology. Last year 
also brought about steady advances in biomagnetic imaging. 

Neurosurgeons have always used medical images to guide them 
in locating tumors and aneurysms. But the greater spatial reso- 
lution of MRI (now less than a millimeter), as well as improve- 
ments in three-dimensional reconstructions of MR images, have 
enabled physicians to rely more heavily on the images for presur- 
gical planning. Radiologists at the University of Chicago Hospi- 
tals are fusing MRI and positron emission tomography (PET) 
images to give the surgeon a more complete picture of the pa- 
tient’s neurological landscape. 

Thus, lesions and epileptic regions that can be seen only with 
PET (which detects chemical and metabolic activity) can be lo- 
cated with respect to anatomical landmarks that show up on the 
MR images. The Chicago radiologists are just beginning to inte- 
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QUALITY OF LIFE TAKES THE SPOTLIGHT 


CHARLES J. ROBINSON: 
EXPERT OPINION 


‘As issues involving sustaining life 
are settled, the concept of quality 
of life is coming to the forefront of 
biomedical engineering.’ 


The increasing sophistication of 
medical devices invokes awe even 
in those of us who are practitioners 

" : in biomedical engineering. Often 
such EP ORIntibation so overwhelms the general public and the 
medical profession that it crowds out other important consider- 
ations. As issues involving sustaining life are settled, the con- 
cept of quality of life is coming to the forefront of biomedical 
engineering. Though that concept has existed explicitly in the 
rehabilitation field for years, it has been only implicit in almost 
all other areas of biomedical engineering. The next decade will 
see many devices evolving out of this concept. 

Perhaps the best way to define these quality-of-life improve- 
ments is to give specific examples from diverse areas. Cardiac 
pacemakers have been saving lives since the 1950s and are now 
being installed worldwide at a rate of 125 000 implants per year. 
Today, many people live longer because of them. Although some 
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grate a third imaging method, MR angiography, which detects 
blood flow, to map the blood vessel network on top of the PET/ 
MRI scan. 

MRI 3-D reconstruction is proving more valuable than CT 
reconstruction because MRI can distinguish not just bone and 
tissue, as CT does, but also the different types of tissue, such as 
fat or lesions, and fluids, according to Ferenc A. Jolesz, associ- 
ate professor of radiology at Harvard Medical School, Cam- 
bridge, Mass., and director of MRI at Brigham and Women’s 
Hospital in Boston. 

Jolesz’ group has made significant improvements in MRI 3-D 
reconstruction by optimizing the way the 2-D images are acquired 
and processed in order to produce greater contrast between tis- 
sues when the images are reconstructed, according to radiolo- 
gist Ron Kikinis, who is working with Jolesz. The imaging data 
are acquired in a double echo—a scan of the patient in which 
two different sets of brightness parameters are applied to better 
differentiate various tissues. The data then undergo a multi-stage 
image-processing procedure. First, they are filtered to reduce 
noise. Then, each pixel is classified into one of several user-defined 
groups—for example, gray matter, white matter, and fluids—by 
means of supervised multivariate analysis. (This technique was 
originally developed for processing remotely sensed images.) 

Finally, a connectivity algorithm transforms the data into a 
3-D volume. The 3-D images help the surgeon to navigate the best 
pathway into the brain, avoiding the motor cortex (injury to which 
can cause palsy or loss of visual or aural sensation), and to cal- 
culate the volume of tumors and other abnormalities. 


might argue that simply keeping patients alive is of prime im- 
portance, extending life need not mean a continuation of a 
productive life, especially if the pacing device has a limited ability 
to respond to different situations. 

An advance in quality of life occurred here a few years ago 
when rate-sensitive pacemakers became available. To sense 
body motion to determine how fast the heart should be beating, 
these pacemakers currently use accelerometers, but these can 
be fooled into responding to environmental conditions (travel- 
ing over a bumpy road) or not responding in other circumstances 
(such as pedaling a stationary exercise bicycle). 

Further gains will be made within the next few years as anum- 
ber of pacemaker companies race to implement rate-sensing 
schemes based on physiological principles. These schemes re- 
quire the development of new implanted sensors that can reli- 
ably measure such physiological factors as oxygen saturation, 
blood temperature, and respiratory rate. Since these endogenous 
parameters are used by the body to regulate heart rate, their ap- 
propriate use as inputs to a pacemaker could represent the ulti- 
mate in pacing control strategies that optimize quality-of-life pos- 
sibilities. 

Sometimes seemingly incremental gains in technology can 
lead to major gains in quality of life. To the public, a pacemaker 
with a battery life of six to eight years is marginally better than 
a pacemaker (or an automatic implanted defibrillator) with a life 
of four or five years. But, to the pacemaker user, it means far less 
surgery and perhaps much lower health care costs. 
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A Sun Sparc workstation simulates locat- 
ing a tumor in the brain with a needle held 
in position by a stereotaxic device, a 
mechanical positioning system used in sur- 
gery. The two-dimensional MR images were 
reconstructed to form the three-dimensional 
volume shown, with skin and part of the 
brain cut away to reveal the tumor in yellow. 


Brigham and Women's Hospital 


Craniofacial surgeon David Altobelli at 
Brigham is using 3-D images along with ani- 
mation to simulate surgery. For example, 
surgery on a patient with an oversized lower 
jaw has been simulated to show Altobelli the 
precise cuts needed to normalize the jaw. 
These simulations are performed on a Sun 
Sparc workstation 370 with the addition of 
a custom 3-D image-processing accelerator 
board made by GE. The system’s increased 
processing speed has been critical to the de- 
velopments in Jolesz’ group, Kikinis said. 


Computer-aided surgery 


Chicago radiologist David Levin and col- 
laborators are experimenting with an inter- 
active stereotaxic device for transferring 
computer-rehearsed surgical incision con- 
tours to the patient’s body before an opera- 
tion. Until now, surgeons have used the 3- 
D images only qualitatively to prepare for 
surgery. Levin said a new era of computer- 
aided surgery is in the offing. 

Radiologist S. James Zinreich of Johns 
Hopkins Medical Institutions, Baltimore, 
Md., is experimenting with a robotic arm to 
position surgical instruments according to 
coordinates derived from MR images. 
Researchers William Bargar and Hap Paul at the University of 
California—Davis have successfully implanted an artificial hip in 
a dog using a robot arm dubbed Robodoc to carve out the open- 
ing based on data from an image. Experts believe that robots will 
only be able to support surgeons, not conduct operations indepen- 


New techniques are becoming available to make a quantita- 
tive diagnosis of the flow of blood to the heart without invasive 
and sometimes life-threatening angiography. In angiography, a 
catheter is threaded up into a heart vessel and a dye injected. 
Since this diagnostic procedure has rather high morbidity and 
mortality rates, most cardiologists use it only as a last resort. 
Yet it remains the “gold standard” for diagnosing and quantify- 
ing coronary artery stenosis (constriction). Recent advances in 
hardware and reconstruction algorithms should make it possi- 
ble for coronary blood flow to be quantitatively measured by mag- 
netic resonance imaging techniques. Such a procedure is cur- 
rently being explored at the Swiss Federal Institute of Technology 
in Zurich and at other locations. If it proves reliable and verifi- 
able, the technique would greatly reduce the need for an- 
giography. 

In my field of rehabilitation engineering, we can make crude 
attempts in the laboratory to have “‘the blind see, the lame walk, 
the deaf hear, and the mute speak” (with apologies to Luke 4:16). 
Yet our efforts pale in comparison to the abilities of a neurolog- 
ically intact individual. Still, one commercialized rehabilitation 
technology does promise its users a greatly enhanced quality 
of life. Cochlear implants can return some hearing to those who 
have suffered damage to the ear’s cochlea. Essentially a trans- 
ducer, the cochlea is tonotopic; that is, certain sound frequen- 
cies best excite certain areas, so that high frequencies are reg- 
istered by regions near the eardrum, and the lowest frequencies, 
by those farther into the cochlea. The implants directly stimu- 


Fitzgerald—Medical electronics 

































dently; one reason is that the positioning accuracy of the robot 
and the MR image may not be good enough for many procedures. 

Automated surgery is an offshoot of stereotaxic surgery, in 
which instruments are precisely positioned by using a mechani- 
cal reference system. Stereotaxic devices are typically used today 


late the appropriate set of nerves coming from the cochlea. 

While multiple cochlear electrode arrays (such as Cochlear 
Corp.’s 22-channel array) have been in use for a few years, the 
primary stumbling block has been the development of spatial 
stimulus “codes” that compress speech into the best pattern 
for activating selected electrodes. If these codes can be better 
adapted to individual pathology, then many more patients might 
benefit from these implants. 

One major hurdle remains. With arguments now occurring on 
the appropriate use, cost, and rationing of high-technology equip- 
ment to save or prolong life, the cost of a technology that “only” 
improves the quality of life can be questioned. If a technically 
sophisticated device that significantly enhances the quality of 
life of the end user is too costly, it would help only select individu- 
als rather than all who need it. The question of cost vs. benefit 
of quality-of-life devices will continue to be debated by medical 
ethicists, governments, and insurance companies. 


Charles J. Robinson (F) received a DSc. in electrical engineering from 
Washington University in St. Louis, Mo., an M.S. from Columbus-based 
Ohio State University, and a B.S. in engineering science from the College 
of Steubenville, Ohio. Robinson is the associate director of the Veterans 
Administration Rehabilitation R&D Center at Hines, I/l., near Chicago, 
and is a professor of neurology at Loyola University’s School of Medicine. 
He lectures extensively on rehabilitation engineering and neurophysiol- 
ogy, with particular emphasis on spinal cord injury. He currently serves 
as president of the 7000-member IEEE Engineering in Medicine and 
Biology Society. 





for biopsies and the electrocution of tiny 
portions of brain tissue for conditions like 
epilepsy. A CT or MR image is taken with 
the patient locked into the stereotaxic device, 
and then various instruments are attached 
to it and directed to points in the brain as 
determined by coordinates on the image. 
Researchers have now begun to apply real- 
time imaging with stereotaxic surgery to get 
constant feedback on the progress of the 
operation. Jolesz and co-workers are inves- 
tigating its use in laser surgery for brain 
tumor removal. The stereotaxic setup would 
direct the laser beam through an optical 
fiber at the tumor to kill the cancer cells. 
Thanks to echo-planar diffusion imaging, 
a recently developed MRI acquisition tech- 


nique, the physician can track the diffusion of heat and stop the 
therapy before it harms surrounding normal tissue. The echo- 
planar technique measures the diffusion coefficient of tissues and 
then calculates temperature changes based on it. 

Echo-planar imaging, developed by a number of manufacturers 
and researchers, offers the promise of real-time imaging because 
images can be acquired in only 60 milliseconds. But because the 
technique involves extensive modifications to existing MRI 
machines, other fast techniques with acquisition times less than 
1 second have been developed. Siemens AG in Munich has de- 
veloped turboflash, and General Electric Co., Fairfield, Conn., 
has developed fast SPGR and fast spin-echo—all of which re- 
quire primarily software modifications. These methods perform 


complete scans in only a few minutes. 


Jolesz’ group, with the help of GE, is investigating MRI modifi- 
cations that will allow the laser surgery to take place inside the 
scanner. (For portions of the procedure, such as inserting the nee- 
dle through which the optical fiber is threaded, the patient would 
be partially removed from the unit.) Kikinis estimated the entire 
procedure would take 1-2 hours at first, but less later on with 


experience. 


A variation on MRI, magnetic resonance spectroscopy (MRS), 
surprised the medical community with evidence from a Johns 
Hopkins study (done in collaboration with the GE R&D Center 
in Schenectady, N.Y.) showing it could accurately diagnose coro- 
nary artery disease. MRS has been investigated by researchers for 
more than a decade, but has found no useful clinical application 
until now. Whereas MRI detects hydrogen atoms to provide phys- 
ical images of the body, MRS, which can be added to existing 
high-field MRI machines by changing software and detector coils, 
detects phosphorus and other elements and so monitors changes 
in tissue chemistry. Using the technique, the researchers found 
that the level of phosphates in heart tissue dropped during exer- 
cise with a hand grip only when the patient had poor blood sup- 
ply to the heart, usually caused by clogged arteries. 

Researchers are planning to compare MRS with the most com- 
mon diagnosis method, an electrocardiogram taken while the pa- 
tient runs on a treadmill. MRS may be more suitable for seri- 
ously ill or older patients for whom the treadmill is too strenuous, 
said GE laboratory manager Kirby Vosburgh. MRS might also 
be used to monitor angioplasty treatment, in which plaque is 
cleared from blood vessels by attaching balloons, mechanical cut- 
ters, lasers, or ultrasound devices to the end of a catheter. 


HIGHLIGHTS 


Success: Research showed that magnetic reso- 
Nance spectroscopy can detect coronary heart 
disease—possibly the first clinical application of 

the diagnostic technique. = 
Shortfall: The limited effectiveness of gallstone 
lithotripsy was further demonstrated in a study 
of 600 patients. 


Notable: The use of volume imaging grew as an 
aid to stereotaxic surgery for precise positioning 
of instruments during brain surgery. 
Newsmaker: U.S. Congress, which passed med- 
ical device law amendments that stiffened report- 
ing requirements for defects in and adverse ef- 
fects of medical devices. : 





only other alternative, the recently devel- 
oped MR angiography, is also noninvasive, 
but is much more expensive than ultrason- 
ic color Doppler. 

When first developed a few years ago, 
color Doppler could be applied only in car- 
diology, but today new sensors can pick up 
the slower blood flow in tissue-encased peri- 
pheral vessels. The technique directs ultra- 
sound waves at blood vessels through the 
skin and detects the return frequency, which 
varies with blood velocity. One benefit of 
looking at peripheral vessels is that they in- 
dicate the success of organ transplants. 

Last year, Acuson Corp., Mountain View, 
Calif., introduced an ultrasound device con- 
taining small vector-array sensors that have 


a wider field of view and can operate at two frequencies; the low 
frequency penetrates deeper beneath the skin, but the high fre- 
quency gives higher resolution. To get closer to the vessels or or- 
gans of interest, manufacturers are beginning to design probes 
that can be inserted into body cavities or swallowed. 

Even smaller sensors—so small they can be inserted into blood 
vessels on catheters—are in the works. These sensors could be 
used not only for diagnosis, but as “eyes” for the physician dur- 
ing angioplasty. Companies producing these sensors include Di- 
asonics Inc., Milpitas, Calif.; Endosonics Corp., Pleasanton, 
Calif.; Cardiovascular Imaging Systems Inc., Sunnyvale, Calif.; 
and Intertherapy Inc., Costa Mesa, Calif. 

Interest in biomagnetic imaging continued to grow as the Jap- 


anese Government’s Ministry of International Trade and Indus- 


try (MITI) formed a $44 million consortium with nine Japanese 
companies to develop a system for sensing the tiny magnetic fields 
emanating from the brain. These fields give a reading of the cur- 
rents flowing in the brain, and consequently a biomagnetome- 
ter is a noninvasive indicator of localized brain function. It has 
been most successfully used to locate epileptic foci so that a mini- 


mum of brain tissue is removed in epileptics who must be treat- 





Ultrasound in the bloodstream 


Ultrasound imaging has been around for a while, but recent 
advances in sensor technology and its low costs compared to CT 
and MRI have opened up new applications for it. Particularly 
attractive is its use in imaging blood flow since the traditional 
method, X-ray angiography, requires injecting a radio-opaque 
iodine dye into the blood vessels through a catheter, a process 
that can be painful. Angiography is used to image defective heart 
valves, atherosclerotic plaque, or lesions in the blood vessels. The 
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ed surgically. It can also identify abnormal brain regions in 
schizophrenics and Alzheimers patients, but researchers hope to 
find applications in which it can affect treatment outcome. Areas 
of particular promise are diagnosing heart conditions and iden- 
tifying regions of hearing loss to help in the design of hearing 
aids and cochlear implants. 

Biomagnetic Technologies, San Diego, Calif., after receiving 
Food and Drug Administration (FDA) approval for its $2.2 mil- 
lion 37-channel Magnes biomagnetometer, went into full produc- 
tion, delivering units to University Hospitals and National 
Laboratory in Tokyo. Siemens also installed a 37-channel unit 
called the Krenikon at the University of Nuremburg but has not 
yet begun large-scale production. 


Lithotripsy trips up 


Gallstone lithotripsy received another setback when a U.S. 
study of 600 patients found that it had limited success. In 1989, 
the FDA in Rockville, Md., declined to approve two companies’ 
lithotripters for gallstone treatment because of insufficient evi- 
dence of efficacy. Researchers led by Leslie J. Schoenfield at 
Cedars-Sinai Medical Center in Los Angeles reported that the 
shock-wave treatment eliminated the stones in only 47 percent 
of the patients. Of those patients taking ursodiol, a drug that 


prevents stone buildup after lithotripsy, only 21 percent were free 


of stones after six months, vs. 9 percent who took a placebo. 
Removal of the gallbladder is a more effective treatment for 
gallstones than lithotripsy, physicians have found, and a recent- 
ly developed laparoscopic method greatly simplifies gallbladder 
removal. With the help of a miniature television camera to guide 
the way, the organ can be removed through a tube inserted in a 
tiny incision in the abdomen. Patients recover in a few days to 
a week, compared to the 1-2 months for traditional surgery. @ 
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THE SPECIALTIES 


Neural networks proposed for diverse applications 
A decision-technology concept improves budgeting 
Curriculum revision gets high priority in education 
Better interchange of integrated documents needed 


Neural networks are slow to learn. . .cybernetics can boost com- 
petitiveness. . .the future engineer’s education must encompass 
more topics in a more cohesive manner. . .the ability to transfer 
documents integrating test and graphics among different soft- 
ware packages needs developing. These comments on some of 
the more specialized branches of electrical engineering come from 
reports given to us by spokesmen from the IEEE Council on Neu- 
ral Networks, the IEEE Systems, Man, and Cybernetics Socie- 
ty, the IEEE Education Society, and the IEEE Professional Com- 
munication Society. 

Artificial neural networks remain the most exciting topic in 
the field of computational sciences, maintained Robert J. Marks 
II, president of the IEEE Council on Neural Networks. Mean- 
while, however, they “are still seeking an application identity,” 
he said. “Currently, the bulk of interest is being focused on ar- 
tificial neural networks as classification and regression machines 
trained by example. Such networks have been proposed and 
preliminarily applied in fields as diverse as electric power load 
forecasting, medical diagnosis, mortgage brokering, explosives 
detection, speech recognition, remote sensing, and racehorse 
handicapping.” The short-term success of the networks will be 
determined by their performance relative to other cutting-edge 
techniques and to more conventional approaches, he said, ad- 
ding that in recent studies “in most cases, the artificial neural 
network has performed quite well.” 

But although the “modular and parallel structure and, in some 
cases, the highly fault-tolerant characteristics of artificial neu- 
ral network architectures remain quite attractive,” Marks cited 
some problems. “The most widely used artificial neural networks, 
for example, don’t scale well. They typically yield a diminishing 
performance return as the size of the net grows,” he observed. 
“Possible solutions include modularization or a more general al- 
gorithmic breakthrough.” As for their current use as classifica- 
tion and regression machines, he pointed up significant training 
problems. “Current popular training procedures, for example, 
remain painfully slow and many require floating-point precision, 
prohibiting analog implementation,” he said. 


Better budgeting with TAPS 


Madan G. Singh, vice president for publications, IEEE Soci- 
ety on Systems, Man, and Cybernetics, told us that a number of 
recent decision technology concepts and products are being used 
to enhance companies’ competitiveness. 

One example Singh told us about is Targeting and Allocation 
of Promotional Spend (TAPS). It brings together ideas from sys- 
tems engineering, computer science, cognitive science, market- 
ing, and mathematics, to produce a practical computer-based aid 
to budget allocation. Singh gave us this further explanation: 

“TAPS follows a three-stage process. In stage 1, the judgments 
of a group of managers in response to a series of ‘what if’ ex- 
penditure scenarios generated by TAPS are captured. In stage 2, 
the expert knowledge base is used with mathematical optimiza- 
tion routines within TAPS to build up individual campaign 
models and a model of the total budget allocation across all cam- 
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paigns. Stage 3 is one of exploration, which can provide answers 
to such questions as: how can sales be increased from the same 
budget? How, if the budget is increased or decreased, can it be 
allocated across different products and media types, to maximum 
effect? How are tradeoffs made between sales and image?” 


Curriculum revision 


Chalmers F. Sechrist Jr., vice president (1990) of the IEEE Edu- 
cation Society, told us that, at the present time, most attention 
is focused on restructuring the curriculum of the first two years 
of college. He predicted a major restructuring, updating, and 
modernizing of the undergraduate engineering core at a num- 
ber of institutions during the 1990s because engineers of the 21st 
century will be expected to solve a broader and more complex 
set of problems and to accept more leadership positions in in- 
dustry and government. 

Other trends he foresaw include: 
¢ Integration of mathematics, chemistry, physics, and some en- 
gineering courses in order to improve the connections between 
present courses and those taken previously. 
¢ Integration of more computing, design, and oral and written 
communications into the curriculum. 
© More emphasis on global awareness, improving the quality of 
life, international experiences, business, management skills, and 
the importance of engineering education. 
© More exposure to nontechnical subjects such as ethics, safety, 
economics, and the impact of technology on society. 

e Implementation of new instructional and learning methods 
using technology-based approaches. 

© More emphasis on interactive methods in which students work 
together in interdisciplinary teams to learn cooperatively and to 
solve complex engineering design problems. 





Integrated-document interchange needed 


A major impediment to universal adoption of Wysiwyg (what- 
you-see-is-what-you-get) publishing and word-processing systems 
is the poor interchangeability of integrated documents among 
different platforms, said David L. McKown, member of the ad- 
ministrative committee and chair of the Ad Hoc Committee on 
New Communication Technology, IEEE Professional Commu- 
nication Society. He explained why this is so: 

“While several vendors now sell software that integrates text 
and graphics, and several of those offer that software on many 
hardware operating-system platforms, the ability to transfer inte- 
grated documents intact from one software package to another 
generally does not exist. This means that, although a user of 
WordPerfect on an MS-DOS platform can share integrated docu- 
ments with a user of WordPerfect on a VAX, that same user can- 
not share integrated documents with a Microsoft Word user on 
any platform. The path to interchange involves separately con- 
verting the text and graphics into file formats that can be read 
by the other system, importing them separately, and then rein- 
tegrating the document.” 

Still, before this can become a useful reality, McKown said, 
improvements in data storage capacity and speed and processing 
power will be necessary. Sa 
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The world’s top 20 electronics companies 
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Among multinational corpora- 
tions, IBM Corp., Matsushita 
Electric Industrial Co., and 
NEC Corp. top the list in elec- 
tronics sales worldwide. The 
semiconducior sales champi- 
onis NEC of Japan, which has 
9.9 percent of the world mar- 
ket. Having captured 11 per- 
cent of the telecommunica- 
tions market, the Netherlands- 
based Alcatel NV leads every- 
one else in this field. And mar- 
ket shares of more than 58 per- 
cent in mainframes and more 
than 15 percent in personal 
computers make IBM king of 
both areas. 

Hardly surprisingly, the hot- 
test electronics production 
area is data processing, in 
which the United States, at 
US $83 billion, far surpasses 
both Japan and Europe. 

In consumer electronics, a 
dramatic picture unveils: com- 
panies headquartered in 
Japan filled the needs of virtu- 
ally the entire Japanese mar- 
ket, unlike the United States 
and Europe. 

A barometer of global elec- 
trotechnology activities, the 
number of patents in electrical 
classes issued in the United 
States in 1989 was close to 
24 000, about 50 percent more 
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Thomson-CSF 
Unisys Corp. 
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Canon Inc. 


Source: Elsevier Advanced Technology, Oxford, England 
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than in 1985 a The electronics-only sales have been converted at the 1987 average exchange rate. 
i b Equipment sales only; if financial and insurance services are included, the percentage is 66 percent. 
Gadi Kaplan N.A. = not available. 
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Estimated .1990 electronics production in Europe,’ the United States, and Japan, in U.S. dollar millions 











Source: Electronics International Corp. 
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* Countries included are the 12 members of the European Community (EC) and 
the six members of the European Free Trade Association (EFTA). 
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Top 10 countries granted electrical U.S. patents for 1963-89 
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The United States Patent and Trademark Office has more than 60 different categories in its ‘Electrical 
Class”’ patents, including conductors and insulators, circuit makers and breakers, electric heating, elec- 
trical transmission or interconnection systems, electrical generator or motor structures, electric lamps 


Kaplan—Business roundup 
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Domestic consumer 
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Top 10 companies granted electrical U.S. patents for 1969-89 
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and discharge devices, power supply or regulation systems, measuring and testing, demodulators and 
detectors, amplifiers, oscillators, modulators, wave transmission lines and networks, tuners, coded data 
generation or conversion, communications, computers and data-processing systems. 
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TO PROBE FURTHER 


HUBBLE’S TROUBLES—For a description of the Hubble 
Space Telescope’s promise, see “Next-generation spacecraft con- 
trol,” by Trudy E. Bell, ZEEE Spectrum, December 1989, pp. 34- 
38. For reports on its engineering troubles as they emerged, see 
THE INSTITUTE: “Antenna pair tied to be fit,” July 1990; “Space 
telescope probe focuses on fuzzy optics,” September 1990; and 
“Hubble’s promise undimmed,” December 1990. 
PERSONAL COMPUTERS, WORKSTATIONS—The Third 
IEEE Conference on Computer Workstations: Accomplishments 
and Challenges will be held May 15-17 at the Sea Crest Resort, 
Falmouth, Mass. Contact the IEEE Computer Society, Confer- 
ence Services, 1730 Massachusetts Ave., N:\W., Washington, D.C. 
20036-1903; 202-371-1013. 

SOFTWARE—The 1991 IEEE Software Engineering Standard 
Application Workshop will be held May 20-24 in San Diego, 
Calif. Contact the IEEE Computer Society’s Conference Serv- 
ices at the above address. 

MINIS, MAINFRAMES— Recent material on the computer in- 
dustry includes the section on European “Microelectronics and 
computers,” in the June 1990 special issue of Spectrum. Cover- 
age in THE INSTITUTE included “Japanese boost speed of super- 
computers” and “Big computers debut,” both in the November 
issue; “Entry-level supercomputer pits Cray against Convex,” 
July; and “Supercomputing 90: reports of the demise of VLIW 
have been greatly exaggerated,” in the current edition. 
TELECOMMUNICATIONS—For more on code-division mul- 
tiple access, see “Spread spectrum goes commercial,” by Donald 
L. Schilling, Raymond L. Pickholtz, and Laurence B. Milstein, 
Spectrum, August 1990, pp. 40-45. For the same issue, S. Joseph 
Campanella wrote “(Communications satellites: orbiting into the 
’90s,”’ pp. 49-52, and Trudy E. Bell described soliton commu- 
nication in “Light that acts like ‘natural bits’,” pp. 56-57. 
DATA COMMUNICATIONS—A seminar, ‘Routers, Bridges, 
and Gateways: The How-Io of Connectivity,” will be held Jan. 
16-17 at the Madison Tower Hotel in New York City. Registra- 
tion is US $895. Contact the Bodie Institute, 55 Main St., Madi- 
son, N.J. 07940; 201-593-0400. 

SOLID STATE—A number of upcoming IEEE meetings should 
provide valuable solid-state information. Among them are: 

e International Solid-State Circuits Conference, San Francisco 
Hilton Hotel, Feb. 13-15. Contact Diane Suiters, Courtesy As- 
sociates, 655 15th St., N-.W., Suite 300, Washington, D.C. 20005; 
202-347-5900. 

¢ Custom IC Conference, Town & Country Hotel, San Diego, 
Calif., May 13-16. Contact Laura Morihara, 47-344 Waihee Rd., 
Kaneohe, Oahu, Hawaii 96744; 808-239-4790. 

¢ VLSI Technology Symposium, Oiso Prince Hotel, Kanagawa, 
Japan, May 28-30. Contact: Dirk Bartelink, Hewlett-Packard 
Co., 3500 Deer Creek Rd., Palo Alto, Calif. 94304; 415-857-5364. 
TEST AND MEASUREMENT—The boundary-scan test meth- 
odology is explained by two principal authors of the IEEE 1149.1 
standard, Rod E. Tulloss and Colin M. Maunder, in an IEEE 
Computer Society Press book called The Test Access Port and 
Boundary-Scan Architecture. Contact IEEE Computer Society 
Publications Office, 10662 Los Vaqueros Circle, Box 3014, Los 
Alamitos, Calif. 90720-1264; 1-800-272-6657. To purchase the 
standard, ask for IEEE Std 1149.1-1990 (product No. SH-13144) 
from the IEEE Service Center. 

INDUSTRIAL ELECTRONICS—IECON ’91, the 17th annu- 
al conference of the IEEE Industrial Electronics Society, will be 
held Oct. 28-Nov. 1 at the International Conference Center, Kobe, 
Japan. Contact the Society of Instrument and Control Engineers, 
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1-35-28-303 Hong, Bunkyo-ku, Tokyo, 113 Japan; 81-3-814-4699. 

POWER, ENERGY—The Financial Times is a good source of 
information on Europe’s turbulent electric utilities and related 
industries, such as nuclear power. Published in London, at One 
Southwark Bridge, the paper is available every day in many large 
cities outside the United Kingdom. 

CONSUMER ELECTRONICS—The latest consumer electron- 
ics products are exhibited by manufacturers twice a year at the 
International Winter and Summer Consumer Electronics Shows: 

this year’s summer show is in Chicago, June 1-4; the winter show 
was held in Las Vegas, Jan. 10-13. Contact the Consumer Elec- 
tronics Group, Electronic Industries Association, 2001 Pennsyl- 
vania Ave., N-W., Washington, D.C. 20006-1813; 202-457-4900. 

TRANSPORTATION—The IEEE Vehicular Technology Con- 
ference covers primarily developments in land mobile radio but 
also automotive electronics and light rail. The 1991 conference 
will be held May 19-22 in Maryland Heights, near St. Louis, Mo. 

Contact JW. Underdown, 58 Judy Dr., St. Charles, Mo. 63301; 

314-946-9980. The conference will overlap with the Joint IEEE/ 
ASME Railroad Conference at the same location, May 20-23. 

Contact Doug Campion at 314-982-1517. 

AEROSPACE, MILITARY—Wincon 791, the 1991 IEEE Win- 
ter Convention on Aerospace and Electronic Systems, will be held 
Feb. 26-28 in Los Angeles. Contact Julie Mikovits, SAIC, 21151 

Western Ave., Torrance, Calif. 90501-1724; 213-781-8525. Naecon 
91, the 1991 National Aerospace and Electronics Conference, will 
be held May 20-24 at the Dayton Convention Center, Ohio. Con- 
tact Sue Brown, ASD/ENES, Wright-Patterson AFB, Ohio 45433- 
6503; 513-255-6281. 

MEDICAL ELECTRONICS—The 13th Annual International 
Conference of the IEEE Engineering in Medicine and Biology 
Society will be held Oct. 31-Nov. 3 at the Hilton Hotel at Walt 
Disney World, Lake Buena Vista, Fla. Contact Joachim H. Nagel, 
Dept. of Biomedical Engineering, University of Miami, Box 
248294, Coral Gables, Fla. 33124; 305-284-2442. 

THE SPECIALTIES—The 1991 International Joint Conference 
on Neural Networks will be held at the Sheraton Seattle Hotel, 
Seattle, Wash., July 8-14. Contact Diana Nielsen, University of 
Washington, 5001 25th St. N.E., GH-22, Seattle, Wash. 98195; 
206-543-0888. 

BUSINESS ROUNDUP-—Three excellent sources of business 
statistics on the world electronics industry are: 

¢ Elsevier Advanced Technology, Mayfield House, 256 Banbury 
Rd., Oxford, England OX 2 7DH; (44+ 865) 512 242. 

© Dataquest Inc., 1290 Ridder Park Dr., San Jose, Calif. 95131- 
2398; 408-437-8000. 

e Electronics International Corp., 101 West 55th St., New York, 
NY. 10019; 212-307-1960. 


For information on IEEE publications, contact the IEEE Ser- 
vice Center, 445 Hoes Lane, Piscataway, N.J. 08855-1331; 
201-981-0027. ¢ 
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1991 IEEE guide for authors 


If you wish to publish an article in an IEEE journal, transactions, or magazine, or sub- 
mit a proposal for a book, send the manuscript to the appropriate editor, using the list 
below. If you are unsure of the appropriate publication, send your manuscript to Associ- 
ate General Manager, Programs, IEEE, 345 E. 47th St., New York, N.Y. 10017. 

If you require general guidance in IEEE style, send for Information for IEEE Transac- 
tions and Journal Authors, available at the above address. Specific authors’ information 
may also be found in many of the journals themselves, usually on the back or inside 
back cover. All guides are free. They must be requested by their correct titles to avoid 
confusion. 

In the listings below, frequency of publication is noted in parentheses. 


Special note to JEEE Spectrum authors 

IEEE Spectrum has the largest international circulation among magazines in the elec- 
trical/electronics field; it affords the primary link between the IEEE and all its members. 
Spectrum’s objectives are to provide interesting and useful information on a broad range 
of technical and career-oriented topics and to increase the awareness among readers of 
fields outside their immediate specialties. The Spectrum staff works closely with authors 
to help them revise their manuscripts, drastically when necessary, to gain high readability 
and utility to the reader. 

All Spectrum manuscripts are subject to a minimum of four reviews addressing the 
manuscript’s organization (whether the main thrust of the argument is clearly presented 
and logically supported), technical accuracy, and timeliness. 

Before submitting an article to Spectrum, you may wish to discuss it by telephone with 
a member of the Senior Editorial Staff. A Spectrum Guide to Authors is available. 

Executive Editor 
IEEE Spectrum, 345 E. 47th St., New York, N.Y. 10017 
212-705-7574 


Special note to IEEE PRESS authors 


IEEE PRESS books span the whole array of engineering subjects and on occasion 
treat important nontechnical subjects as well. They include tutorial books, professional 
and reference books, texts, and volumes formed around journal reprints and special issues. 

A prospective author is encouraged to submit a proposal giving the details of the sub- 
ject, coverage, level, and approach of the book. Guidelines for preparing a book pro- 
posal are available, on request, from the Managing Editor (see address below). The book 
proposal will be reviewed by the PRESS Editorial Board to determine likely quality of, 
and need for, the book. The endorsement of the appropriate IEEE Society is required 
for reprint books before the proposal is approved. If approved, the author or editor will 
be offered a publishing agreement covering manuscript size, schedule, and royalty 
payments. 

Book proposals should be sent to: 

IEEE PRESS, 445 Hoes Lane, Box 1331, Piscataway, N.J. 08855-1331 


IEEE Potentials al, and survey material written for readers who are 


Student magazine discusses career issues, latest 
technical areas, and other subjects of general inter- 
est to the electrical and computer engineering 
student. (4) 

Donald R. Mack, 404 Montauk Lane, Stratford, 

Conn. 06497 203-378-7852 
For information on manuscript submission: IEEE 
Potentials, IEEE Service Center, 445 Hoes Lane, Box 
1331, Piscataway, N.J. 08855-1331 


Proceedings of the IEEE 
Publishes comprehensive, in-depth review, tutori- 
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not specialists in the subjects being treated. It 
specializes in material of broad significance and 
long-range interest in all technical fields within the 
scope of the IEEE, including electrical engineering, 
electronics, and computers. Authored by recognized 
authorities, papers include extensive introductions 
written at a level suitable for the nonspecialist, with 
numerous references for those wishing to probe fur- 
ther. A number of issues a year are devoted to a single 
subject of special importance. (12) 
Managing Editor, Proceedings of the IEEE, 345 

E. 47th St., New York, N.Y. 10017 
212-705-7557 


IEEE TRANSACTIONS, 
JOURNALS, AND MAGAZINES 


These publications of IEEE Societies provide the 
means by which the member keeps abreast of the 
advances in a specific field of specialization. Their 
mission is to record and disseminate new scien- 
tific and technical information for both present 
and future members of the profession. 


Aerospace and Electronic Systems, IEEE Trans. 

Equipment, procedures, and techniques applicable 
to the organization, installation, and operation of 
functional systems designed to meet high-perfor- 
mance requirements of earth and space systems. 


Jack R. Harris, 20400 Highland Hall Dr., 
Gaithersburg, Md. 20879 301-251-4810 


Aerospace and Electronic Systems Magazine 
Articles dealing with functional systems for space, 
air, ocean, or ground environments and systems in- 
teractions. Includes Society news, book reviews, 
and patent announcements. (12) 
H. Warren Cooper, 7211 Windsor Lane, Hyatts- 
ville, Md. 20782 301-927-7681 


Antennas and Propagation, IEEE Trans. 
Theoretical and experimental advances in antennas, 
including design and development, and in the propa- 
gation of electromagnetic waves, including scatter- 
ing, diffraction, and interaction with continuous 
media; and applications pertaining to antennas and 
propagation, such as remote sensing, applied op- 
tics, and millimeter and submillimeter wave tech- 
niques. (12) 
Robert E. Mcintosh, Dept. of ECE, University of 
Massachusetts, Amherst, Mass. 01003 
413-545-0709 


Antennas and Propagation Magazine 
Covers all areas relating to antenna theory, design 
and practice; propagation, both theory and effects; 
and a broad range of general interest topics including 
basic electromagnetics, computational and numer- 
ical techniques, personal computers for EEs, scat- 
tering and diffraction, radar and radar cross 
sections. (6) 
W. Ross Stone, IRT Corp., 1446 Vista Claridad, 
La Jolla, Calif. 92037 619-592-2094 


Applied Superconductivity, IEEE Trans. 
Sponsored by the IEEE Superconductivity Committee 
Materials and their application to electronics and 
power systems, where superconductivity is central 
to the work. Materials papers are directed toward 
applications so that their contents are of great in- 
terest to the applications community. Includes a 
technical notes section dedicated to short correspon- 
dences whose rapid publication is considered im- 
portant to the development of the field. (4) 
Theodore Van Duzer, Dept. of EECS, University 

of California, Berkeley, Calif. 94720 
415-642-3306 
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Automatic Control, IEEE Trans. 
The theory, design, and application of control sys- 
tems: real-time control, optimal control, adaptive 
and stochastic control, estimation and identifica- 
tion, linear systems, system modeling, and appli- 
cations of physical, economic and social systems. 
(12) 
N.H. McClamroch, Department of Aerospace 
Engineering, University of Michigan, Ann Arbor, 
Mich. 48109 313-763-9304 


Biomedical Engineering, IEEE Trans. 

Basic and applied papers dealing with biomedical 

engineering and applied biophysics and ranging 

from practical/clinical applications through ex- 

perimental science and technological development 

to formalized mathematical theory. (12) 
Dr. Michael R. Neuman, Obstetrics & Gynecology, 
Cleveland Metro General Hospital, 3395 Scran- 
ton Rd., Cleveland, Ohio 44109 216-459-5095 


Broadcasting, IEEE Trans. 

Broadcast technology, including the production, dis- 

tribution, transmission, and propagation aspects of 

broadcasting. (4) 
Phil Rubin, Rubin, Bednarek & Associates, 1350 
Connecticut Ave., Suite 610, Washington, D.C. 
20036 202-296-9380 


Circuits and Devices Magazine 
Applications-oriented papers and tutorials, up-to- 
date information on new products, inventions, new 
books, conference schedules, and other useful in- 
formation on VLSI and technology, computer-aided 
design, semiconductor processes, quantum elec- 
tronics, and digital and analog circuits. (6) 
Ronald W. Waynant, Food and Drug Admin- 
istration, Center for Devices and Radiological 
Health (CDRD), Electro-Optics Branch, HF2-134, 
5600 Fishers Lane, Rockville, Md. 20857 
301-443-2965 


Circuits and Systems, IEEE Trans. 

Design and theory of operations of circuits for use 

in radio and electronic equipment. (12) 
Dr. R. Liu, Dept. of ECE, University of Notre Dame, 
Notre Dame, Ind. 46556 219-239-6228 


Circuits and Systems for Video Technology, IEEE 
Trans. 
Sponsored by the IEEE Circuits and Systems Society 
Emphasis on video processing algorithms, real-time 
implementation, VLSI architecture and technology, 
and related topics focused on, but not limited to 
video A/D and D/A; video compression techniques 
and signal processing; multidimensional filters and 
transformers, high-speed real-time circuits; mul- 
tiprocessor systems—hardware and software; and 
VLSI architecture and implementation for video tech- 
nology. (4) 
Ming Liou, Bellcore, 331 Newman Springs Rd., 
Red Bank, N.J. 07701 201-758-2949 


Communications, IEEE Trans. 
All telecommunications including telephone, teleg- 
raphy, facsimile, and point-to-point television, by 
electromagnetic propagation, including radio; wire; 
aerial, underground, coaxial, and submarine cables; 
waveguides, communication satellites, and lasers; 
in marine, aeronautical, space, and fixed station 
services; repeaters, radio relaying, signal storage, 
and regeneration; telecommunication error detec- 
tion and correction; multiplexing and carrier tech- 
niques; communication switching systems; data 
communications; and communication theory.(12) 
Victor Lawrence, AT&T Bell Laboratories, Room 
1P-246, 200 Laurel Ave., Middletown, N.J. 07748 
201-957-3410 
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Communications Magazine 

All areas of communications: conferences, short 

courses, standards, governmental regulations and 

legislation, book reviews, and special feature tech- 

nical articles; Society news, including administra- 

tion and elections. (12) 
Ray R. Laane, Bellcore, 445 South St., Room 2F- 
287, Morristown, N.J. 07960 201-829-4067. 


Communications, Selected Areas in, IEEE J. 
All telecommunications, including telephone, teleg- 
raphy, facsimile, and point-to-point television, by 
electromagnetic propagation, including radio; wire; 
aerial, underground, coaxial, and submarine cables; 
waveguides, communication satellites, and lasers; 
in marine, aeronautical, space, and fixed station 
services; repeaters, radio relaying, signal storage, 
and regeneration; telecommunication error detec- 
tion and correction; multiplexing and carrier tech- 
niques; communication switching systems; data 
communications; and communication theory. (9) 
William H. Tranter, Dept. of EE, University of Mis- 
souri, Rolla, Mo. 65401 314-341-4514 


Components, Hybrids, and Manufacturing 

Technology, IEEE Trans. 

Component parts, hybrid microelectronics, materi- 

als, packaging techniques, and manufacturing 

technology. (4) 
Paul G. Slade, Westinghouse R&D, 1310 Beulah 
Rd., Pittsburgh, Pa. 15235-5098 

412-256-1011 


Computer-Aided Design of Integrated 
Circuits and Systems, IEEE Trans. 
Methods, algorithms, and man-machine interfaces 
for physical and logical design, including: planning, 
synthesis, partitioning, modeling, simulation, lay- 
out, verification, testing, and documentation of in- 
tegrated-circuit and systems designs of all com- 
plexities. Practical applications of aids resulting in 
producible analog, digital, optical, or microwave 
integrated circuits are emphasized. (12) 
Michael R. Lightner, Dept. of ECE, University of 
Colorado, Boulder, Colo. 80309 303-492-5180 


Computer Applications in Power Magazine 
Magazine devoted to computer applications to the 
design, operation, and control of power systems. 
Includes articles on transient network analysis, cir- 
cuit evaluation, steady-state analysis, cable 
management systems, economics, and contingen- 
cy analysis. (4) 
William R. Brownlee, 780 Montgomery Dr., Bir- 
mingham, Ala. 35213 205-871-5662 


Computer Graphics and Applications Magazine 
Computer graphics hardware and software, display 
technology, computational geometry, geometric data 
structures and databases, industrial applications, 
animation methodology, human factors for graph- 
ics, interactive graphics languages, graphic arts, 
graphics support of MIS, and distributed graphics 
techniques. (6) 
Prof. John Staudhammer, Dept. of EE, University 
of Florida, Gainesville, Fla. 32611 
904-392-4910 


Computer Magazine 

Survey and tutorial articles covering a broad range 
of computer hardware, software, and system design 
and application; special issues focus on such topics 
as VLSI design, software engineering, local area net- 
works, computer communications, and computer 
architecture. Regular departments present new 





product announcements, book reviews, and profes- 
sional calendar. (12) 
Bruce D. Shriver, Vice President for Research, 
University of Southwestern Louisiana, Drawer 


42730, Lafayette, La. 70504 318-231-6000 


Computers, JEEE Trans. 

All fields of computation, information processing, 

applications, and computer systems research and 

design. (12) 
Ming T. Liu, Dept. of Computer & Information 
Science, Ohio State University, 2036 Neil Ave. 
Mall, Columbus, Ohio 43210 614-292-1837 


Consumer Electronics, IEEE Trans. 
The design and manufacture of consumer electron- 
ics products, components, and related activities, 
particularly those used for entertainment, leisure, 
and educational purposes. (4) 
Wayne C. Luplow, Zenith Electronics Corp., 1000 
Milwaukee Ave., Glenview, III. 60025 
312-391-7873 


Control Systems Magazine 
Control system applications and experiences, de- 
sign tools, conference programs, educational fea- 
tures, book reviews, and Society news items. Orient- 
ed toward practicing control system engineers. (7) 
Herbert Rauch, Lockheed 92-20/254E, 3251 
Hanover St., Palo Alto, Calif. 94304 
415-424-2704 


Design and Test of Computers Magazine 
Covers methods, practical experience, research 
ideas, and commercial products that aid in the de- 
sign and test of chips, assemblies, and systems 
—e.g., design automation, CAD workstations, de- 
sign software, computer-aided test, test equipment, 
self-test, and design for testability. (4) 
Sumit Dasgupta, IBM, E. Fishkill Bldg. 306, 
ZIP 3A1, Hopewell Junction, N.Y. 12533 
914-894-0540 


Education, IEEE Trans. 
Educational methods, technology, and programs; 
history of technology; impact of evolving research 
on education. (4) 
Prof. Frank Barnes, Dept. of Electrical and 
Computer Engineering, University of Colorado, 
Campus Box 425, Boulder, Colo. 80309-0425 
303-492-5071 


Electrical Insulation, [EEE Trans. 

Electrical insulation common to the design and con- 

struction of components and equipment for use in 

electric and electronic circuits and distribution sys- 

tems at all frequencies. (6) 
Arend van Roggen, RD 2, Kennett Square, Pa. 
19348 215-388-6909 


Electrical Insulation Magazine 

Compilation of articles and news that relate to in- 

sulation and dielectrics. Includes conference activi- 

ties reporting and papers of general interest. (6) 
J.A. Tanaka, University of Connecticut, Chemistry 
Dept./U-60, Room 151, 215 Glenbrook Rd., 
Storrs, Conn. 06269-3060 203-486-2443 


Electromagnetic Compatibility, IEEE Trans. 
EMC standards; measurement technology; un- 
desired sources; cable/grounding; filters/shielding; 
equipment EMC; systems EMC; antennas and 
propagation; spectrum utilization; electromagnet- 
ic pulses; lightning; radiation hazards; and Walsh 
functions. (4) 
Motohisa Kanda, Electromagnetic Fields Division, 
National Bureau of Standards, Boulder, Colo. 
80303 303-497-5320 
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Electron Device Letters 
Rapid publication of short communications on new 
results in the field of electron devices. Items are re- 
stricted to two pages and appear, on average, three 
months after receipt. (12) 
John Brews, Dept. of Electrical and Computer En- 
gineering, Room 230, Building 104, University 
of Arizona, Tucson, Ariz. 85721 
602-621-8734 


Electron Devices, IEEE Trans. 
The theory, design, and performance of active elec- 
tron and ion devices, solid-state devices, integrat- 
ed electron devices, and energy sources. (12) 
Renuka Jindal, AT&T Bell Labs, Room 2A-142, 
600 Mountain Ave., Murray Hill, N.J. 07974 
201-582-5775 


Electronic Materials, IEEE J. 

Applications of semiconductors, magnetic alloys, 

insulators, and optical and display materials.(12) 
Theodore C. Harman, MIT Lincoln Laboratory, 
Lexington, Mass. 02173 617-981-4418 


Energy Conversion, IEEE Trans. 

Research, development, design, application, con- 
struction, installation, and operation of electric power 
generating facilities (along with their conventional, 
nuclear, or renewable sources) for the safe, relia- 
ble, and economic generation of electrical energy 
for general industrial, commercial, public, and 


domestic consumption. (4) 
Harold Gold, 1037 North Primrose, Rialto, Calif. 
92376 714-875-8117 


For information on manuscript submission: Nancy 
Heitmann, Society Special Services of Technical 
Activities Dept., IEEE Service Center, 445 Hoes 
Lane, Box 1331, Piscataway, N.J. 08855-1331 
908-562-3881 


Engineering Management, IEEE Trans. 
Management of technical functions such as re- 
search, development, and engineering in industry, 
government, university, and other settings. Empha- 
sis is on studies carried on within an organization 
to help in decision making or policy formation for 
RD&E. (4) 
Dundar F. Kocaoglu, Engineering Management 
Program, School of Engineering and Applied 
Science, Portland State University, Portland, Ore. 
97207-0751 503-464-4660 


Engineering Management Review 
A reprint of selected papers relevant to engineer- 
ing management. (4) 
David S. Lewis, Box 18438, Irvine, Calif. 92713 
714-633-9660 


Engineering in Medicine and Biology Magazine 
Contains general and technical short articles on cur- 
rent technologies and methods used in Biomedical 
and Clinical Engineering. Current news items, book 
reviews, patent descriptions, and a correspondence 
section are included. (4) 
A.S. Wald, Dept. of Anesthesiology, Columbia- 
Presbyterian Medical Center, 630 W. 168th St., 
New York, N.Y. 10032 212-305-2164 


Expert Magazine (Intelligent Systems and Their Ap- 

plications) 

Tutorial and survey articles on the current applica- 

tions of intelligent systems, including databases, 

expert systems, and artificial intelligence. (6) 
B. Chandrasekaran, Ohio State University, Com- 
puter and Information Sciences Dept., LAIR 
Building, CAE Room 228, 2036 Neil Ave. , Colum- 
bus, Ohio 43210-1277 
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Geoscience and Remote Sensing, IEEE Trans. 
Theory, concepts, and techniques of science and 
engineering as applied to sensing the earth, oceans, 
atmosphere, and space; and the processing, in- 
terpretation, and dissemination of this information. 
(6) 
Richard Doviak, University of Oklahoma, Cooper- 
ative Institute for Mesoscale Meteorological 
Studies, 401 E. Boyd St., Norman, Okla. 73019 
405-325-6021 


Industrial Electronics, IEEE Trans. 
The application of electronics and electrical sciences 
to the control, treatment, and measurement of in- 
dustrial processes. (6) 
Gerald Cook, Dept. of Electrical and Computer En- 
gineering, George Mason University, 4400 
University Dr., Fairfax, Va. 22030 
703-323-2630 


Industry Applications, IEEE Trans. 
The development and application of electric systems, 
apparatus, devices, and controls to the processes 
and equipment of industry and commerce; the pro- 
motion of safe, reliable, and economic installations; 
the encouragement of energy conservation; and the 
creation of voluntary engineering standards and 
recommended practices. (6) 
Edward A.E. Rich, 243 Juniper Dr., Schenectady, 
N.Y. 12306 518-372-9572 


Information Theory, IEEE Trans. 
The fundamental nature of the communication pro- 
cess; transmission and utilization of information; 
coding and decoding of digital and analog commu- 
nication transmissions; study of random interfer- 
ence and information-bearing signals; and the de- 
velopment of information-theoretic techniques in 
diverse areas, including communication systems, 
detection systems, pattern recognition, learning, 
and automata. (6) 
Bruce Hajek, Coordinated Science Laboratory, 
University of Illinois, 1101 W. Springfield Ave., 
Urbana, Ill. 61801 217-333-3605 


Instrumentation and Measurement, IEEE Trans. 
Measurements and instrumentation utilizing elec- 
trical and electronic techniques. (6) 
Ed Richter, 7 Mohawk Rd., Acton, Mass. 01720 
508-263-7256 


Knowledge and Data Engineering, IEEE Trans. 
Provides a forum to publish results on the research, 
design, and development of knowledge and data en- 
gineering methodologies, strategies, and systems 
as related to computer science, artificial intelligence, 
electrical engineering, computer engineering, and 
other appropriate fields. (4) 
C.V. Ramamoorthy, Computer Science Division, 
University of California, Berkeley, Calif. 94720 
415-642-4751 


IEEE LCS: The Magazine of Lightwave Communica- 
tion Systems 
Covers all aspects of the use of lightwave technolo- 
gies in communication systems and networking, 
focusing on systems, architectures, standards, and 
applications. Topics include coherent communica- 
tions, broadband and photonic systems and appli- 
cations, optical systems for TV transport and dis- 
tribution, optical local to wide area networking, 
optical interconnects, optical undersea and terres- 
trial communication systems, and passive photon- 
ic network technologies. (4) 
Larry L. Campbell, 9109 Jeffrey Rd., Great Falls, 
Va. 22066 703-759-4199 


Lightwave Technology, J. 
All aspects of optical guided-wave science, tech- 
nology, and engineering in the areas of fiber and 
cable technologies; active and passive guided-wave 
componentry (light sources, detectors, repeaters, 
switches, fiber sensors, etc.); integrated optics and 
optoelectronics; systems and subsystems; new ap- 
plications; and unique field trials. (12) 
Dona!d Keck, Corning Glass Works, SP FR 29, 
Corning, N.Y. 14831 607-974-3095 


Magnetics, IEEE Trans. 
The fundamental development, design, and appli- 
cation of magnetic devices as well as magnetic 
materials and phenomena pertaining to engineer- 
ing purposes. (6) 
Carl E. Patton, Dept. of Physics, Colorado State 
University, Fort Collins, Colo. 80523 
303-491-5083 


Medical Imaging, IEEE Trans. 
Imaging of body organs, usually in situ, rather than 
microscopic biological entities; the associated 
equipment and techniques, such as instrumenta- 
tion systems, transducers, computing hardware, 
and software. (4) 
A. Bertrand Brill, Dept. of Nuclear Medicine, 
University of Massachusetts Medical Center, 55 
Lake Ave. N., Worcester, Mass. 01655 
508-856-4236 


Micro Magazine 
Microprocessor technology; computer-aided design; 
system support software, interfacing techniques, 
chip design, and fabrication; personal computing; 
control hierarchies, architectures, applications and 
draft standards for hardware, software, and inter- 
connections. (6) 
Joseph Hootman, EE Dept., University of North 
Dakota, Box 7165, Grand Forks, N.D. 58202 
701-777-4331 


Microwave and Guided Wave, IEEE Letters 

Offers short archival publication with minimal delay 

of original research relevant to microwave tech- 

nology. (12) 
Tatsuo Itoh, Dept. of Electrical and Computer En- 
gineering, University of Texas, Austin, Texas 
78712 512-471-1072 


Microwave Theory and Techniques, IEEE Trans. 
Microwave theory, techniques, and applications as 
they relate to components, devices, circuits, and 
systems involving the generation, transmission, and 
detection of microwaves. (12) 
Stephen Maas, EE Dept., 56-125B Engineering 
V, UCLA, Los Angeles, Calif. 90024 
213-206-1668 


Network Magazine (The Magazine of Computer 
Communications) 
Network protocols and architecture; protocol design 
and validation; communications software; network 
control, signaling, and management; network 
implementation (LAN, MAN, WAN); and micro-to- 
host communications. (6) 
Warren S. Gifford, Bellcore, 331 Newman Springs 
Rd., Room 1C401, Red Bank, N.J. 07701 
201-758-2200 


Neural Networks, IEEE Trans. 

Devoted to the science and technology of neural net- 
works which disclose significant technical knowl- 
edge, exploratory developments, and applications 
of neural networks from biology to software to hard- 
ware. Emphasis is on artificial neural networks. 
Specific aspects include self-organizing systems, 
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neurobiological connections, network dynamics and 
architecture, speech recognition, electronic and 
photonic implementation, robotics and controls. (6). 
Michael Roth, Johns Hopkins University Applied 
Physics Lab, Johns Hopkins Rd., Laurel, Md. 
20723 301-792-6543 


Nuclear Science, IEEE Trans. 
Instrumentation, high-energy physics, reactor con- 
trols, and radiation effects, including environmen- 
tal instrumentation, measurement, and monitoring; 
fusion technology; nuclear instruments and detec- 
tors; nuclear medical science; plasma science and 
applications; radiation effects; reactor instrumen- 
tation and control; particle acceleration science and 
technology; and computer applications in nuclear 
and plasma sciences. (6) 
Dick A. Mack, 600 Lockwood Lane, Santa Cruz, 
Calif. 95066 408-438-0200 


Oceanic Engineering, IEEE J. 
Bayes procedures; buried-object detection; dielec- 
tric measurements; Doppler measurements; geo- 
magnetism; sea floor; sea ice; sea measurements; 
sea surface electromagnetic scattering; seismolo- 
gy; sonar; acoustic tomography; underwater acous- 
tics; and underwater radio communication. (4) 
Frederick H. Fisher, Marine Physical Laborato- 
ry, Scripps Institution of Oceanography, Univer- 
sity of California, La Jolla, Calif. 92093 
619-534-1796 


Parallel and Distributed Systems, IEEE Trans. 
Devoted to hardware/software issues and applica- 
tions studies specifically for parallel and/or distribut- 
ed computing systems. Subject areas include par- 
allel and distributed architectures including design, 
analysis and implementation of multiple processor 
systems, impact of VLSI on design; parallel and dis- 
tributed software including languages and compil- 
ers, programming environments; parallel algorithms 
and applications; performance measurements, 
evaluation, and modeling. (4) 
Tse-Yun Feng, Dept. of EE, Engineering East 
Building, Pennsylvania State University, Univer- 
sity Park, Pa. 16802 814-863-1469 


Pattern Analysis and Machine Intelligence, 

IEEE Trans. 

Artificial intelligence; computer vision and image 

analysis; architectures; image processing; speech 

analysis; text processing; pattern recognition; and 

Classification techniques. (12) 
Anil Jain, Dept. of Computer Science, A-726 Wells 
Hall, Michigan State University, East Lansing, 
Mich. 48824 517-353-5150 


Photonics Technology, IEEE Letters 
Rapid publication of original research relevant to 
photonics technology. This expanding field empha- 
sizes laser and electro-optic technology, laser phys- 
ics and systems, applications, and photonic/light- 
wave components and applications. The journal 
offers short, archival publication with minimal delay. 
(12) 
Paul W. Shumate, Bellcore 2L-287, 445 South St., 
Morristown, N.J. 07960 201-829-4600 


Plasma Science, IEEE Trans. 

Plasma science and engineering, including: mag- 
netofluid dynamics and thermionics; plasma dynam- 
ics; gaseous electronics and arc technology; con- 
trolled thermonuclear fusion; electron, ion, and 
plasma sources; space plasmas; high-current 
relativistic electron beams; laser-plasma interac- 
tions; diagnostics; plasma chemistry and colloidal 
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and solid-state plasmas. (6) 
Steven J. Gitomer, Group X-1, Mail Stop E-531, 
Los Alamos National Lab, Box 1663, Los Alamos, 
N.M. 87545 505-667-5995 


Power Delivery, IEEE Trans. 
Research, development, design, application, con- 
struction, the installation and operation of appara- 
tus, equipment, structures, materials, and systems 
for the safe, reliable, and economic delivery and con- 
trol of electric energy for general industrial, com- 
mercial, public, and domestic consumption. (4) 
Harold Gold, 1037 North Primrose, Rialto, Calif. 
92376 714-875-8117 
For information on manuscript submission: Nancy 
Heitmann, Society Special Services of Technical Ac- 
tivities Dept., IEEE Service Center, 445 Hoes Lane, 
Box 1331, Piscataway, N.J. 08855-1331 
908-562-3881 


Power Electronics, IEEE Trans. 
Fundamental technologies used in the control and 
conversion of electric power. Topics include dc-to- 
dc converter design, direct off-line switching power 
supplies, inverters, controlled rectifiers, control 
techniques, modeling, analysis and simulation tech- 
niques, the application of power circuit components 
(power semiconductors, magnetics, capacitors), 
and thermal performance of electronic power 
systems. (4) 
Richard Hoft, Electrical and Computer Engineer- 
ing Dept., University of Missouri, 223 Electrical 
Engineering, Columbia, Mo. 65211 
314-882-3491 


Power Engineering Review 

Electric power system engineering; includes one- 
page summaries of all papers accepted for publi- 
cation in Energy Conversion, Power Delivery, and 
Power Systems. Also includes the Power Engineer- 
ing Society Newsletter, selected prize papers, high- 
interest papers, and other articles of technical in- 


terest. (12) 
C.J. Essel, 5969 W. 76th St., Los Angeles, Calif. 
90045 213-645-3380 


Power Systems, IEEE Trans. 
Requirements, planning, analysis, reliability, oper- 
ation, and economics of electrical generating, trans- 
mission, and distribution systems for industrial, 
commercial, public, and domestic consumption. (4) 
Harold Gold, 1037 North Primrose, Rialto, Calif. 
92376 714-875-8117 
For information on manuscript submission: Nancy 
Heitmann, Society Special Services of Technical 
Activities Dept., IEEE Service Center, 445 Hoes 
Lane, Box 1331, Piscataway, N.J. 08855-1331 
908-562-3881 


Professional Communication, IEEE Trans. 

The study, development, improvement, and pro- 

motion of techniques for preparing, organizing for 

use, processing, editing, collecting, conserving, 

and disseminating any form of information in the 

electrical and electronics fields. (4) 
Dr. Scott Sanders, Dept. of English Language and 
Literature, University of New Mexico, Albuquer- 
que, N.M. 87131 505-345-5705 


Quantum Electronics, IEEE J. 
Quantum electronics and applications, including op- 
toelectronic theory and techniques, lasers, and fiber 
optics; related systems and subsystems; nonlinear 
optics; and integrated optics. (12) 
Steven R.J. Brueck, Center for High Technology 
Materials, University of New Mexico, EECE Bldg. 
Rm. 125, Albuquerque, N.M. 87131 
505-277-6033 


Reliability, IEEE Trans. 
Principles and practices of reliability, maintainability, 
and product liability pertaining to electrical and elec- 
tronic equipment. (5) 
Dr. Michael Pecht, Mechanical Engineering Dept., 
University of Maryland, College Park, Md. 20742 
301-454-8866 


Robotics and Automation, IEEE Trans. 
Theory and applications in robot dynamics and con- 
trol; simulation of robots and manufacturing sys- 
tems; robot languages; robotic vision and other sen- 
sory interfaces; manipulator design; robot 
locomotion; management of multirobot systems; ge- 
ometric modeling, other computer-aided design 
techniques; robot manufacturing; motion planning, 
task planning, and expert systems in robotics and 
automation; hardware and software implementation 
of robotic systems. (6) 
Russell H. Taylor, Manufacturing Research Dept., 
IBM T.J. Watson Res. Cntr., Yorktown Heights, 
N.Y. 10598 914-945-3693 


Semiconductor Manufacturing, IEEE Trans. 
Process control techniques; process modeling, 
simulation, measurements, diagnostics; defect 
characterization and control; yield analysis and 
modeling; product design for manufacturability, 
reliability; product transfer from development to 
manufacturing; factory design, simulation; automa- 
tion: models, algorithms, equipment interfaces, etc. ; 
equipment design: modeling and simulation; 
production control and scheduling; operations 
management: training, incentives, productivity 
measures; standards: materials, processes; com- 
puter integration: computer-controlled equipment 
and facilities; and the application of Al and expert 
systems. 
Norman F. Foster, Semiconductor Research Corp., 
Box 12053, Research Triangle Park, N.C. 27709 
919-541-9440 


Signal Processing, IEEE Trans. 

Transmission, recording, reproduction, processing, 
and measurement of speech and other signals by 
digital, electronic, electrical, acoustic, mechanical, 
and optical means; the components and systems 
to accomplish these and related aims; and the en- 
vironmental, psychological, and physiological fac- 


tors of these technologies. (12) 
Pierce Wheeler, RD 3, Box 363, Chester, N.J. 
07930 201-879-5746 


Signal Processing Magazine 
Acoustics, including digital audio, underwater signal 
processing, and electroacoustics; speech, includ- 
ing speech transmission and coding; enhancement 
and noise reduction; analysis and reconstruction; 
synthesis; recognition; production/synthesis; per- 
formance evaluation; signal processing, one- 
dimensional and multidimensional digital signal 
processing, including discrete Fourier and other 
transforms; nonlinear analysis; spectral analysis; 
signal and system identification; filter design and 
applications; applications to echo cancellation, aids 
for the handicapped, and radar; image processing; 
sensor array processing; multidimensional process- 
ing; VLSI; and hardware implementations. (4) 
Jack Deller, EE Dept., 258 Engineering Building, 
Michigan State University, East Lansing, Mich. 
48824-1226 517-353-8840 


Software Engineering, IEEE Trans. 

Specification, development, management, test, 

maintenance, and documentation of computer 

software. (12) 
(Continued on p. 107) 
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onents 


Make a World of Difference 


It would be rather difficult to repair a circuit 
board with a hammer. Only precision 
instruments will suffice in situations 
demanding a delicate touch. 


Your quest for technical excellence 
shouldn't stop at the office. You demand it 
in your professional life. You deserve it in 
your personal life. 


Gain a financial edge that offers you 
better control and greater flexibility. ror 
IEEE Gold MasterCard® or 

IEEE Classic Visa® Card 

from MBNA America provide 
unparalleled value, convenience 

and service worthy of a closer 

look. 


Value 

Enjoy their benefits and security for 

12 months without paying the 
annual fee. Thereafter, it is only $27 

a year for the Gold MasterCard and 

$15 a year for the Classic Visa Card. 

And, if you charge $3,000 or more to 

your account in a calendar year, 

MBNA America will waive your next 
scheduled annual fee. This incentive is 
available to you each year for as long as you 
maintain your IEEE account. 

And look what you receive: Common Carrier. 
Travel Accident Insurance (up to $1,000,000 
for the Gold MasterCard, $300,000 for the 
Classic Visa), Auto Rental Protection, up to 
$3,000 Supplemental Lost Luggage 
Protection, a higher line of credit, and more! 




















Choose one: Gold MasterCard® Classic Visa® Card 


y | wish to apply for the IEEE Gold MasterCard or Classic Visa Card with 
Ye Yn | credit lines up to $25,000 and all of the benefits described in this 
Ca e advertisement. | have indicated my choice above. In addition, the fee will 

be waived if | charge $3,000 or more in a one-year period. I understand that if | do not 
meet the qualifications for the Gold MasterCard this constitutes my request for a 
Classic Visa and I accept that on a periodic basis I may be considered for an automatic 
upgrade to the Gold MasterCard at MBNA America's discretion. (Note: This is not an 
application for a corporate account.) 








(Please Print) 
NAME AS YOU WOULD LIKE IT TO APPEAR ON CARD. 


FIRST MIDDLE INITIAL 
ADDRESS 





CITY STATE ZIP CODE 


HOME PHONE ( ) BUSINESS PHONE ( ) 


Are You O Renting O Buying Monthly Payment $ 


SOCIAL SECURITY # DATE OF BIRTH 
EMPLOYER/NAME OF BUSINESS 
POSITION YEARS THERE 


ANNUAL SALARY $ OTHER INCOME $ 


(Alimony, child support, or separate maintenance income need not be revealed if you do not wish it considered as a basis of repayment.) 


SOURCE 





MOTHER'S MAIDEN NAME 
(For use when you request special action taken on your account) 


CURRENT CREDIT CARD ACCOUNTS 
MASTERCARD®/VISA® ACCOUNT # 


AMERICAN EXPRESS® ACCOUNT # 


PREVIOUS EMPLOYER YEARS THERE 





PREVIOUS ADDRESS 
CITY STATE ZIP CODE 


I have read this entire application, agree to its terms, and certify the information is correct. 
IEEE MEMBER # EXPIRATION DATE 





x (SEAL) 
APPLICANT SIGNATURE 





MasterCard 


IEEE Classic 
Visa Card. 


No other card can match the 
international acceptance of this card. 
It is honored at over 8 million loca- 
tions. You also enjoy cash advances 
at over 160,000 worldwide locations, 
payment holidays, a free additional 
card option, no finance charge 
option on purchases, and 
checks to access your credit card 
account. 
Service 
You have at your disposal the 
highest level of Customer 
service in the financial 
industry. 
cludes: specially trained 
presentatives available toll free, 24 hours 
a day all year, one-hour credit line increases, 
24-hour Travelers’ Message Service, 
emergency cash and airline tickets, lost 
card registration and more. 


Order Toll Free 
If you wish to apply right away, just call 


1-800-847-7378 ext. 5000 


and a Customer Satisfaction Representative 
will be ready to take your call. Use the 
special code TBRT for faster processing. Or, 
complete and return the attached 
application to: MBNA America, PO. Box 
15464, Wilmington, DE 19885-9440. (Offer is 
not available to Delaware residents.) 


IEEE has approved this new credit card program solely as 
a service to its membership. The Institute incurs no 
_ nor does it profit abs the program's operation. 
This offer is only available for members residing in the 
United States. 


| Convenience 


If you wish an additional card issued to a co-applicant over 18 years of age, complete the information below, 


CO-APPLICANT NAME AS YOU WOULD LIKE IT TO APPEAR ON CARD 





FIRST MIDDLE INITIAL 
RELATIONSHIP SOCIAL SECURITY # 


BUSINESS PHONE ( EMPLOYER 


POSITION ANNUAL SALARY $ 
(Alimony, child support, or separate maintenance income need not be revealed if you do not wish it considered as a basis of repayment.) 


OTHER INCOME $ 


I have read this entire application and agree to its terms, and understand that | will be jointly and 
severally liable for all charges on the account. 


X (SEAL) 
CO-APPLICANT SIGNATURE DATE 


1 (We) authorize MBNA America to investigate any facts, or obtain and exchange reports regarding this 
application and/or resulting account with credit reporting agencies and others. Upon request | (We) will 
be informed of each agency's name and address. 

Annual Fee(s) $27 per year for Gold MasterCard® 
$15 per year for Classic VISA® Card 
(Fee waived first year) 


Annual Percentage Rate 16.9% 
Grace Period for Repayment of At least 25 Days from statement closing date 
Balance for Purchases 
Method of Computing the Average Daily Balance (including new purchases) 


Balances for Purchases 
Advances, and Fees for Paying Transaction Fee for Bank and ATM Cash Advances; 2% of each 
Late or Exceeding the Credit Cash Advance $2 Minimum, 
Limit $25 Maximum; 
Transaction Fee for Access Check Cash Advances: 1% of each 
Cash Advance $2 Minimum. 
$10 Maximum. 
Late Payment Fee: $15 
Over-the-Credit-Limit Fee: $15 


Transaction Fee for Cash 





The information about the cost of the card described in this application is accurate as of 1/91. This 
information may have changed after that date. To find out what may have changed, call us at 
1-800-847-7378. 


MBNA. 


AMERIC A® 


MasterCard® is a federally registered service mark of 
MasterCard International, Inc. used pursuant to license. 
Visa® is a federally registered Trademark of VISA U.S.A. 
Inc., used pursuant to license. 
© MBNA America 1990 
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Computer tools: 
handle with care 


Computer-aided engineering tools can im- 
prove productivity, cut costs, and save 
time. But they can also have some highly 
detrimental effects, notably dampening in- 
novation. 

Systems engineer David K. Murotake 
and management consultant Thomas J. 





Allen uncovered these problems in a two- 
year research project involving 116 en- 
gineers and 32 project managers at two 
electronics companies in the United 
States. When the engineers used their 
workstations and software applications 
for conceptual tasks, their creativity 
flagged noticeably. 

The two men found that the more 
sophisticated the tools that the engineers 
had available to them, the more they used 
them for such tasks as engineering anal- 
ysis, design, and communications. More- 
over, projects on which these tools were 
used were more likely to be completed on 
or under budget than were tasks run on 
less sophisticated tools handling only a 
single function. 

The downside came when the project 
managers rated the different tasks for 
innovativeness—defined as the extent to 
which the problem was solved in a new or 
creative way. During the conceptual phase 
of the engineering cycle, increased use of 
computer tools correlated significantly 
with less innovativeness in solving prob- 
lems; at the development end of the cycle, 
with more innovative problem-solving. 

Murotake and Allen observe that com- 
puter tools encourage the “cloning” of old 
solutions. This, in turn, can stifle develop- 
ment of the innovative solutions required 
during a project’s less structured, concep- 
tual phase. 

In the more highly structured develop- 
ment phase, however, computer tools 
match the engineering work very well, the 
researchers report. They increase efficien- 
cy, thereby freeing up time for more crea- 
tive work. 

Murotake and Allen recommend provid- 
ing engineers with a versatile “kit” of com- 
puter tools and encouraging them to use 
these tools in whatever way best balances 
productivity and innovativeness. For exam- 
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ple, some of the newer visualization tools 
permit engineers to be more free-wheeling 
in a project’s early phase than did the tools 
available in 1987 and 1988, when this re- 
search was done, Murotake told /EEE 
Spectrum. 

Murotake is a senior systems engineer 
at GE Aerospace, Nashua, N. H. Allen 
directs the International Center for Re- 
search on the Management of Technolo- 
gy at the Massachusetts Institute of Tech- 
nology, Cambridge. 
They reported their find- 
ings in October at the 
IEEE International En- 
gineering Management 
Conference, held in 
Santa Clara, Calif. 

Murotake and Allen’s 
paper, “Computer-Aided 
Engineering and Project 
Performance: Managing 
a Double-Edged Sword,” 
is published in the 
Proceedings of the IEEE 
International Engineer- 
ing Management Con- 
ference, available from 
IEEE Service Center, 
445 Hoes Lane, Piscat- 
away, N.J. 08855. 

PEO 
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Selecting project leaders 


Who ought to lead your next project? Re- 
search by Edward F. McDonough III 
demonstrates that different types of proj- 
ects require different types of leaders. For 
example, creativity is vital in ground-break- 
ing projects, but experience is key in proj- 
ects involving minor extensions of tech- 
nology. 

McDonough is an associate professor 
of business at Northeastern University, 
Boston, Mass. To clarify the relationships 
between project performance and 
problem-solving style, he studied the lead- 
ers of 41 new-product development proj- 
ects in 13 British firms in electronics, au- 
tomotive products, and other technological 
industries. (See “An Investigation of the 
Relationship Between Project Perfor- 
mance and Characteristics of Project 
Leaders,” Journal of Engineering and Tech- 
nology Management, Vol. 6, 1990, 
pp. 237-260.) 

Enjoyment of linking apparently unrelat- 
ed ideas, searching for novel approaches, 
and pursuing problems in unknown areas 
were typical of leaders of higher- 
performing projects in which new technol- 
ogy had to be developed, McDonough 
found. 

However, an “associative” style of work- 
ing was not as successful. Associative 
leaders, he explains, tend to be more sys- 
tematic, to follow rules and prescribed 
procedures, and to refrain from looking far 
beyond existing solutions when attempt- 
ing to solve problems. 

Experience is key in projects requiring 
the application of existing technology, but 
less experience was associated with 
higher performance. Maybe boredom af- 





flicts older, more experienced leaders as- 
signed to projects they consider less 
challenging, he suggested. 

Projects requiring minor extensions 
of the state-of-the-art technology were 
handled best by the more experienced 
leaders. Such projects require more 
creativity than the applications projects, 
but less than those involving new technol- 
ogy, McDonough explains. 

McDonough plans a comparable study 
among U.S. firms. Meanwhile, he advises 
that for new technology projects, the best 
choice is a leader with a master’s degree 
or Ph.D. who has an innovative problem- 
solving style. Applications projects are 
best used as a training ground for new 
project leaders. As these younger leaders 
gain experience, they may be moved into 
those projects that focus on minor modifi- 
cations, he said. 
aaa 


How to get projects approved 


A project is more likely to be approved if 
the following questions are considered, 
advises Gerard H. Gaynor, a retired 3M ex- 
ecutive from Minneapolis, Minn., who con- 
sults on technology management. 
e Are the objectives defined and stated 
clearly? Does everyone understand their 
implications? 
¢ Do the objectives support the organiza- 
tion’s business, engineering and manufac- 
turing strategies? If these strategies 
change, will the objectives still support 
them? 
¢ Why is this project important? What 
unique results can be expected? Is it a me- 
too, catch-up-to-the competition project? 
What could be salvaged if it failed? 
¢ Isit a business or a technology project? 
What does it mean to the organization’s 
future? 
e Is the technology that will be used un- 
derstood? What is the “value added” in 
terms of new knowledge? 
¢ Could the projected effort be reduced by 
joining forces with another organization? 
e What other technologies might the com- 
petition develop to achieve the same 
results? 
e What will the total cost be to the organi- 
zation? What capital requirements can be 
anticipated if the project is successful? 
e Are the sales, marketing, and distribu- 
tion systems in place? If not, what are the 
alternatives? How would this product or 
service be introduced? What are the poten- 
tial product liabilities, environmental prob- 
lems, etc.? 
¢ Is the necessary staff in place or will new 
people have to be hired? Is outside talent 
readily available? 
e¢ Have the requirements for the project 
manager been identified? Does the person 
exist? Can he or she be hired? 

Gaynor presented his list in “Selecting 
Projects,” Research-Technology Manage- 
ment, July-August 1990, pp. 43-45. 





Coordinator: Michael F. Wolff 
Consultants: Robert F. Cotellessa, Clarkson 
University; John Griffin, McKinsey & Co. 
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Guide book for 
phonograph collectors 


Between 1877, when Thomas A. Edison in- 
vented the phonograph, and 1912, when 
the external-horn machines lost their 
popularity, the U.S. Patent Office granted 
over 2000 patents for inventions and over 
70 for designs to more than 1000 inventors 
in the sound-recording field. Edison, the 


T. A. EDISON. 
Phonograph or Speaking Machine. 


Patented Feb. 19, 1878. 


No. 200,521. 





Shomas li. Cdliven. 
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most prolific of the inventors, eventually 
was awarded 134 patents. 

It took an avid collector of early phono- 
graphs, Allen Koenigsberg of Ditmas Park, 
NY., to track those 1000-plus patents down 
and read and study them all. The result is 
a book featuring descriptions of, and 
Koenigsberg’s comments on, 101 of the 
most significant, together with some of 
the original patent-office drawings. The 
material could, however, have benefited 
from an editor's clarification of some of the 
points the phonophile author tries to make. 

Return to those days of yesteryear, then, 
and study the drawing of T.A. Edison’s 
Phonograph or Speaking Machine in Pat- 
ent No. 200 521 of Feb. 19, 1878. Then move 
on to patents for things like a solid-wax 
phonogram cylinder; a combined cash- 
register and phonograph; coin-operated 
phonographs, including a coin-controlled 
graphophone; graphophones; talking 
machines; and the springs, motors, horns, 
and other mechanical devices needed to 
make the contraptions work. 

For the record (no pun intended), 
Koenigsberg also includes a chronologi- 
cal list of all the U.S. sound-recording pa- 
tents that he could locate for that inven- 
tive period ending in 1912. The 159-page 
The Patent History of the Phonograph, 
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1877-1912, published in a 9-by-12-inch (23- 
by-30-centimeter) paperback spiral bind- 
ing, sells for US $54.95. Contact: APM 
Press, 502 E. 17th St., Brooklyn, N.Y. 11226. 


SOFTWARE _ 


The virtuoso workstation 


The kitchen sink and then some seems to 
be what Bimillennium Corp. has integrat- 
ed in its new HiQ “power-computing” soft- 
ware. Slated for release in April, HiQ inte- 
grates mathematics capabilities and 
engineering functions in an engineering 
analysis environment whose breadth has 
never before been seen in a single soft- 
ware package. The initial version is target- 
ed at the Apple Macintosh. One for Unix 
workstations, which implements a graphi- 
cal user interface closely akin to the Apple 
version, is due in July. 

In particular, a trio of capabilities is “key 
to the software’s uniqueness,” pointed out 
Bimillennium’s executive vice president of 
sales and marketing, Larry McGraw. These 
comprise integrated graphics, a high-level 
script language, and an intuitive interface 
for creating an engineering notebook for 
any application. 

In addition, an extensive library of some 
500 engineering and mathematics func- 
tions covers dozens of application areas. 
Included are all the standard engineering 
functions, such as statistical functions, 
and the special and matrix functions typi- 
cally available in large commercial or pub- 
lic domain libraries. Lower-level functions 
cover such mundane but important tasks 
as determining the maximum value of a list 
of arguments or finding the integer part of 
a rational number. 

Hundreds ot other, intermediate-level 
functions in the library include essential- 
ly all the significant routines in numerical 
linear algebra and applied mathematics, 
together with a rich complement of digi- 
tal signal-processing, probabilistic, and 
data analysis functions. 

And there are also more than 100 
sophisticated Problem Solver algorithms 
for handling linear and nonlinear prob- 
lems, including integrating functions, solv- 
ing differential equations with initial- and 
boundary-value conditions, determining 
the roots of real or complex functions, and 
optimization. According to McGraw, “The 
core math package is as powerful, or more 
so, than commercial math packages like 
Matlab, Mathematica, Mathcad and TK 
Solver.” 

Putting all the functions together took 
more than 20 man-years of effort, accord- 
ing to the company. “We evaluated all of 
the best algorithms we could find, wrote 
many of our own, and then modified them 
to work faster,” said David M. Russell, Bi- 
millennium’s executive vice president and 
chief technical officer. 

HiQ is said to provide the speed and nu- 
merical performance of a mainframe com- 
puter on a desktop Macintosh with a 68881/ 
68882 math coprocessor. At any rate, a 100- 
by-100 matrix can be converted with 80-bit 


precision in less than 10 seconds, while a 
linear system of 100 equations can be 
solved in 5 seconds on the new Macintosh 
llfx. 

As for the graphics capability, it can 
be used for a functional or data repre- 
sentation in two or three dimensions of 
typical data employing vectors, matrices, 
or lattices. Graphical features and attrib- 
utes may be manipulated interactively 
completely within the graphics en- 
vironment. 

Programs can be written with the high- 
level QScript object-based language. With 
it, the user can create any permanent func- 
tion needed to solve a problem using HiQ’s 
basic functions and the Problem Solvers. 
There is no need to write long, complicat- 
ed Fortran programs to create building 
blocks for an application. 

The third unusual feature, the engineer- 
ing project notebook, keeps track of every 
step of a problem-solving process. Like a 
standard engineering notebook, it holds 
experimental or model-generated data, al- 
gorithms, program code, notes, and 
results. 

In addition to containing data (scalars, 
vectors, and matrices), two- and three- 
dimensional graphs, QScript programs, 
annotations, and Problem Solver docu- 
ments, the notebook’s objects can be used 
to invoke custom editors that have been 
designed for the engineer’s special use. 
Further, objects within the notebook can 
be moved around, on, or between the 
pages of the notebook, and they can be 
deleted, added, or shared between note- 
books or users across a network. 

Introductory price of HiQ is US $495 for 
90 days after its availability; after that the 
price goes to $695. Contact Larry McGraw, 
Bimillennium Corp., 101 Albright Way, Los 
Gatos, Calif. 95030; 408-866-2010; fax, 408- 
866-2305; or circle 61. 
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Public domain software listed 


A free catalog to over 500 shareware disks 
is available from the New England Soft- 
ware Library. The 1997 Reference Guide to 
Public Domain and User Supported Soft- 
ware includes disks for electrical, mechan- 
ical, and civil engineering, mathematics, 
and statistics, as well as utilities for 
programmers and engineers. 

The more popular disks contain pro- 
grams for computer-aided design, expert 
systems, electrical filter design, Fourier 
transforms, equation processors, and 
graph plotting. There is a distribution 
charge of $3-$5 per disk. Contact: New En- 
gland Software Library, RR1, Box 260, 
Starksboro, Vt. 05487; 802-453-3556. 
ed 


Robot simulation for PCs 


A British company has developed what it 
says may be the first robot-simulation pro- 
gram for a personal computer. Workspace 
from Robot Simulations runs on any IBM 
PC or compatible having EGA or VGA 
graphics and a hard-disk drive. Targeted at 
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* NAT4882 Controller chip 

— 100% IEEE-488.2 compatibility 

— Optimized GPIB functionality 

—NEC uPD7210 and TI 9914A 
compatibility 

— Bus line monitoring 

Turbo488 performance chip 

—1 Mbytes/sec data rates 

— FIFO buffers 

—Last-byte handling 

— Byte/word packing 

SCSI, serial, parallel Converters 

Uli eUlaeel Amat ate IN e4o1s 

Data Buffer (900 kbytes/sec) 

Extenders and Expander 

FCC certified 
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High-speed IEEE-488.2 routines 
FindLstn(0,addrlist, fndl pole 
Industry-standard NI-488" functions 


ibwrt (scope, "Curve?", 6); 
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HP-style commands 
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Use any popular language 
Windows 3.0 support 
Interactive development and 
configuration utilities 
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engineers who use robots, design robot 
workcells, or compare the efficiency of 
different robots in performing tasks, the 
program simulates and displays robot 
workcells in real time. It includes a full 
kinematic modeler, three-dimensional 
graphics, and facilities for off-line 
programming. 

The program automatically calculates 
cycle times and checks for collisions be- 
tween moving objects. Several robots can 
be simulated in one workcell, which can 
be replayed for a realistic visualization of 
complex workcells. 

Workspace will also model tooling, au- 
tomatic feeds and conveyors, automatic 
programmable vehicles, linear tracks, and 
turntables. 

Computer-aided design capability in- 
cludes true 3-D wireframe with hidden-line 
removal, blocks and cylinders, extruded 
objects, curved-line and surface approxi- 
mation, and object-attachment hierarchy. 
Pull-down menus and an extensive help fa- 
cility make the program easy to use. Con- 
tact: J. Owens, Robot Simulations, High 
Bridge House, High Bridge, Newcastle on 
Tyne, England NE1 1EW; (44+ 91) 221 1087; 
fax, (44+91) 230 0281, or circle 60. 
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‘Pearl Harbor radar’ on display 


War buffs and others may enjoy visiting an 
unusual museum devoted to the preserva- 
tion of noteworthy electronics technology. 
One of the newest and most prized acqui- 
sitions of the Historical Electronics Muse- 
um is a pair of radars of the type that de- 
tected the Japanese planes flying to 
attack Pearl Harbor on Dec. 7, 1941. 

Designated the SCR-270, this long- 
range 110-megahertz radar was manufac- 
tured by Westinghouse Electric Co., Bal- 
timore, Md. In the predawn hours of Sun- 
day, Dec. 7, the then-secret device (SCR 
was supposed to stand for Signal Corps 
Radio) was being operated by a junior 
radar operator at a place called Opana 
Point on Oahu, where much of the U.S. fleet 
was anchored. The incoming planes were 
picked up at 7:02 a.m., when they were 
more than 100 miles (160 kilometers) out. 
They registered so strong a signal that the 
A-scope presentation was driven off- 
screen. 

The operator knew he was onto some- 
thing, but he had no one to alert. The plot- 
ting room had just shut down. And when 
reached by phone, the Army Air Corps lieu- 
tenant in charge of the installation, who 
had arrived at his command only the previ- 
ous week, declined to pass on the informa- 
tion to a higher authority. The radar oper- 
ator continued tracking the targets to 
within 30 mi (48 km) of Oahu. They were 
lost at 7:39 a.m. because of the shadow- 
ing effects of the mountains. 

The museum is busily refurbishing the 
first of the radars, which rely on a horizon- 
tally polarized dipole array. One radar will 
remain in the museum; the other may be 
shipped to Hawaii. 

Other exhibits at the museum, which 


emphasizes radar, countermeasures, and 
communications, present 50 years of radar 
from 1935-85, and trace a partial history 
of the electron tube, starting with the 1908 
Lee De Forest Audion and moving through 
the developments of the 1960s. The assort- 
ment of ground and airborne radar sets in- 
cludes the antenna and klystron of the 
modern airborne warning and command 
system (AWACS) surveillance systems; the 
first automatic anti-aircraft gun-control 
tracking radar, the SCR-584, which was a 
key element in Britain’s successful de- 
fense against the V-1 buzz bombs; and the 
APQ-35, the first complete airborne fire 
control system. The museum's collection 
also includes many receivers and transmit- 
ters, some still in operation, as well as a 
research library. 

As a nonprofit, IRS-qualified corpora- 
tion, the museum welcomes equipment 
and library donations from individuals and 
corporations. All contributions are tax 
deductible. The museum is located in Lin- 
thicum, Md., near the Baltimore-Wash- 
ington International Airport, and is open 
weekdays from 9 a.m. to3 p.m. Admission 
is free. Contact: Historical Museum Inc., 
Box 1693, M/S 4610, Baltimore, Md. 21203; 
301-765-2345. 





Birth of Babbage’s Engine 


Mark your calendars for a July 1 opening 
at London’s National Museum of Science 
and Industry—it’s the start of an exhibition 
of the work of mathematician Charles Bab- 
bage. The centerpiece of the display will 
be the first full-size Babbage engine ever 
built by anyone, let alone the inventor. 

Few realize that Babbage, a towering fig- 
ure in the history of computing, never com- 
pleted any of his mechanical calculating 
engines. He probably failed because of 
limitations of 19th century machine-tool 
technology, according to Doron Swade, the 
Science Museum's curator of computing. 
“By building a Babbage engine to original 
designs, we have set out to prove that 
these machines could have worked in Bab- 
bage’s day,” said Swade. 

Construction of Babbage’s full-size 
Difference Engine No. 2 from designs dat- 
ing from 1847 began last October right out 
in public view at the museum. The engine 
has 4000 parts, weighs 3 tons and mea- 
sures 10 feet long, 6 ft high, and 1.5 ft wide 
(3 by 1.8 by 0.45 meters). Not coincidentally, 
the exhibit will open for the 200th anniver- 
sary of Babbage’s birth. He died in 1871. 

In addition to the full-size engine, the ex- 
hibition will feature the Science Museum’s 
collection of Babbage pieces and unique 
archival material. Total cost of building the 
engine and mounting the exhibit, which is 
to last six months, is £500 000 (US $1 mil- 
lion). A large part of this has already been 
raised from a group of computer, electron- 
ics, and communications companies. 

Those attending the exhibit who might 
care to mix business with pleasure may 
consider registering for the International 
Conference on Computing scheduled for 
July 1-3 at the Imperial College in London. 
The conference is being organized under 
the auspices of Britain’s Institution of Elec- 
trical Engineers. 





Coordinator: Alfred Rosenblatt 
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EMC Test & Design keeps you one 
step ahead with the latest on EMC 
related design requirements and 
techniques...manufacturing and pro- 
duction procedures...field compliance, 
retrofit and protection requirements. 





| wish to receive EMC Test & Design free of charge: 
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In each issue you'll find articles fo- 
cusing on product and system design; 
manufacturing and test procedures; 
successful compliance case histories; 
standards and regulations; industry 
news and new product features. We 
show you the best methods for EMI 
prevention, compliance and protection. 
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Take a minute now to complete the 
coupon below to start your free sub- 
scription to EMC Test & Design. You 
may return the coupon by mail or to 
expediate your request FAX to (303) 
773-9716. 


Join 30,000 industry professionals and 
start your subscription today! 


FREE SUBSCRIPTION 


1. Please check the ONE category which best describes the primary 
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Organizations seeking engineers and scientists describe their various openings in the following advertising section 
In order to conform to the Age Discrimination in Employment Act and to discourage age discrimination, IEEE may reject any advertisement containing 
any of these phrases or similar ones, “recent college grads,” “1-4 years maximum experience,” “up to 5 years experience,” or “10 years maximum ex- 
perience” IEEE reserves the right to append to any advertisement, without specific notice to the advertiser, “Experience ranges are suggested minimum 
requirements, not maximums.” IEEE assumes that, since advertisers have been notified of this policy in advance, they agree that any experience require- 
ments, whether stated as ranges or otherwise, will be construed by the reader as minimum requirements only. While IEEE does not ban the use of the 
term “entry level,” its use is discouraged since, to some, it connotes an age rather than an experience designation. IEEE accepts employment advertising 
to apprise its members of opportunities. Interested parties should be aware that the political and humanistic values of certain advertisers may differ 
from their own. IEEE encourages employers to offer salaries that are competitive, but occasionally a salary may be offered that is significantly below 
currently acceptable levels. In such cases the reader may wish to inquire of the employer whether extenuating circumstances apply. 
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SYSTEMS ENGINEERING 


NUCLEAR OPPORTUNITIES 


Thanks to the dedication of our employees, the nuclear plants 
operated by Entergy Operations, Inc., (Arkansas Nuclear One, 
Grand Gulf Nuclear Station, and Waterford/3) are recognized 
throughout the industry for their superior performance. Our oper- 
ations in Arkansas, Mississippi, and Louisiana offer an appealing 
lifestyle. A low cost of living, good schools, and diverse cultural 
activities make Middle South, USA an ideal place to call home. 


Now we are looking for results-oriented professionals to join our 
team. If you have a BS in Engineering with at least 3 years 
experience in one of the following areas, please forward a resume 
with salary requirements. 


ea. —_ We're RAM Mobile Data, 
ae The Signal is Clear, == the cBip aiiy. that’s 
: “= leading the revolution in 


. , AR is The data communications with 
Place To Be. our radio-based packet 
é switching system. 


In this position, you will challenge your experience and 
expertise working with system simulation, statistical and 
probabalistic analysis and reliability analysis. To qualify, 
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you musthave an MS or Ph.D. in Electrical Engineering, 
Computer Science or related field and 5+ years’ ex- 
perience in system engineering on telecommunications 
systems projects; particularly radio data systems. Must 
also have an extensive background in software design 
as well as experience with radio systems, data networks, 
protocols, and standards. Involves domestic and inter- 
national travel. 


We offer a generous salary and benefits package. To ap- 
ply, send your resume with salary history to: Director of 
Human Resources, RAM Mobile Data, Inc., 10 Woodbridge 
Center Drive, 9th Floor, Dept. IEEE-1/91, Woodbridge, NJ 
07095. An equal opportunity employer, m/f. 








ARKANSAS NUCLEAR ONE 


Maintenance Engineers, System Engineers (testing and/or start-up 
experience preferred) and Safety Analysis Engineers. 


Mike Brock, Dept. IES191, Route 3, Box 137-G, Russellville, AR 
72801. (501) 964-5034, FAX (501) 964-5037. 


WATERFORD/3 


I&C Design Engineers 
Newton Spitzfaden, Dept. IES191, P.O. Box B, Killona, LA 
70066. 1-800-535-7494, FAX (504) 464-3262. 


EEO/AA/M/F/H/V. 


—= Entergy 
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DIRECTOR 
NAVY CENTER FOR APPLIED RESEARCH IN ARTIFICIAL INTELLIGENCE 


The U.S. Naval Research Laboratory is accepting 
applications for Director of its Navy Center for 
Applied Research in Artificial Intelligence (NCARAI). 
The Director provides scientific planning, leadership, 


and management for a comprehensive research pro- 
gram aimed at developing Navy applications of Al 
technology. Current areas of research at NCARAI 
include machine learning, natural language 
processing, autonomous vehicle vision and control, 
intelligent training systems, and uncertainty 
management in decision aids. The Center has up-to- 
date networked computing facilities, an extensive 
artificial intelligence library, strong ties to university 
and industrial laboratories, and a research staff of 32 
with a high rate of contribution to professional 
conferences and publications. 


The candidate must have proven experience and 
demonstrated abilities in research program 
development and management, with particular 
emphasis on applied artificial intelligence, backed by 


a strong record of presentations and publications. 

A PhD in an appropriate field is highly desirable. 
Salary to $78,200 is dependent on education and 
experience. Incumbent has the opportunity to establish 
teaching positions at local universities, and to 

receive substantial royalties on any patents obtained. 
Applicants should submit a resume or SF-171 

Personal Qualifications Statement (available from the 
address below) by February 15, 1991, to: 


NAVAL RESEARCH LABORATORY 
Civilian Personnel Division 

ATTN: 55-076A-14 (IS) 
4555 Overlook Avenue, S.W. 
Washington, D.C. 20375-5000 





For further information about this position, call 
Laura Davis at (202)767-2884, or direct email 
inquiries to NCARAI@AIC.NRL.NAVY.MIL. 


An Equal Opportunity Employer 
USS. Citizenship Required 














DIRECTOR (PLANS) 
ROME LABORATORY 


ROME LABORATORY (RL), ELECTRONIC SYSTEMS DIVISION, AIR FORCE 
SYSTEMS COMMAND, GRIFFISS AIR FORCE BASE, NEW YORK, IS SEEKING A 


DIRECTOR (PLANS) TO ADMINISTER PLANNING, ANALYSES, PROGRAM 


TRACKING, AND COORDINATION ACTIVITIES ASSOCIATED WITH 
FORMULATING TECHNICAL GOALS AND EXECUTING PROGRAMS TO 
ADVANCE THE STATE-OF-THE-ART IN -COMMAND, CONTROL, 
COMMUNICATION AND INTELLIGENCE (C31) TECHNOLOGY. 


RL IS A DEPARTMENT OF DEFENSE CENTER OF EXPERTISE FOR C%l 
RESEARCH AND DEVELOPMENT. C3I IS THE MILITARY PROCESS OF 
MANAGING U.S. FORCES ON A WORLDWIDE BASIS. 


ROME IS CENTRAL TO EVERY MAJOR POPULATION CENTER IN THE 
NORTHEAST, WITHIN A DAY'S DRIVE OF MONTREAL, BOSTON, TORONTO, 
NEW YORK CITY, CLEVELAND, AND WASHINGTON, DC. THE AREA OFFERS A 
MYRIAD OF ACTIVITIES FOR BOTH WINTER AND SUMMER SPORTS 
ENTHUSIASTS, AS WELL AS DIVERSE CULTURAL ACTIVITIES. 


THIS POSITION IS IN THE SENIOR EXECUTIVE SERVICE 
SALARY RANGE. $87,000 - $100,500 


INTERESTED? CALL: AFSC SENIOR EXECUTIVE MGMT OFC (301) 981-3887 
OR DSN 858 -3887 FOR A COPY OF ANNOUNCEMENT 
SES 90-07 DESCRIBING QUALIFICATION REQUIREMENTS AND 
APPLICATION PROCEDURES 


APPLICATIONS MUST BE POSTMARKED BY 4 FEB 91 


AN EQUAL OPPORTUNITY EMPLOYER 
US CITIZENSHIP REQUIRED 


COLORADO SCHOOL OF MINES 


Golden, Colorado 


FACULTY POSITION IN 
ELECTRICAL ENGINEERING 


The Colorado School of Mines Department of Engineering is ac- 
cepting applications for a tenure-track position in its Electrical En- 








gineering Division. Candidates with an earned doctorate in electrical 
engineering and experience in digital systems applied to control 
and instrumentation will be given preference. Candidates with ex- 
perience in power electronic control of machines will also be con- 
sidered. 


Applicants should have a commitment to excellence in teaching 
at the undergraduate as well as graduate level. Preference will be 
given to candidates with demonstrated scholarly accomplishments 
and a history of funded research. The Colorado School of Mines 
has strong ties to the materials and minerals industries. Interdis- 
ciplinary work is encouraged. 


The search will remain open until a suitable candidate has been 
selected. Resumes, supporting materials, and the names and ad- 
dresses of three references should be directed to: 


COLORADO SCHOOL OF MINES 
Electrical Engineering Search Committee 
PO Box 69 

Golden, CO 80402 


AN EQUAL OPPORTUNITY/AFFIRMATIVE ACTION EMPLOYER 


Minorities and Females Encouraged To Apply 
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Manager, Radio Communications 
and Spectrum Management 
Play a vital role in linking the world. 


COMSAT provides international communications services through 
global satellite networks. We are looking for an experienced management 
professional who has a keen awareness of the need to apply advanced 
technology to COMSAT’s corporate business plans. 


Reporting directly to the Vice President, Business Technology and 
Standards, you will manage development of strategic plans for national and 
international radio frequency spectrum management and associated inter- 
national radio network development. Your work will include close involve- 
ment in negotiating and implementing these plans with coordinating bodies 
worldwide and developing a wide range of key corporate documents. 


You must have a BS in Engineering, MSEE preferred, and a broad knowl- 
edge of the factors involved in assigning satellite system frequencies. Strong 
negotiating skills with government agencies and industrial experts are a 
must and similar skills with mixed cultural groups are recommended. Work 
experience should include ten or more years in international and national 
communications technology development, involvement in the work of the 
CCIR, and management of mixed discipline projects. 


COMSAT offers a competitive salary, competitive benefits and excellent 
potential for recognition and advancement. For confidential consideration, 
send your resume and salary requirements to: Judy Graham, Dept. E-67 

a 

Ga 
Wat atl 
wary Communications 
¥ TV Satellite Corporation 
Oe me 950 L’Enfant Plaza, SW 
Washington, DC 20024 
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Research Engineers & Scientists 
Digital Signal Processing 


The Environmental Research Institute of Michigan (ERIM), a growing, leading-edge, 
research and development organization with headquarters in Ann Arbor, MI, has newly 
created opportunities for a select group of talented Research Engineers and Scientists 
for the following areas: 
Systems: 

— Documentation specialist 

— Computer systems manager 

(networked SUN environment) 


~ Digital signal processing 
— Kalman filtering 
— Motion compensation/ 
navigation systems 

Software: 

— Software testability 

~ Ada, CASE tools, UNIX, X11, 

MIL-STD-2167A environment 


Hardware: 
~ RF and microwave design, high speed digital and analog circuit design, microprocessor 
and interface technology, digital signal processor design. 


— Real time embedded systems 

— Software systems engineering/ 
simulation/modeling 

~ User interfaces 


Previous experience with U.S. Government programs desirable, as is a BS, MS or PhD in 
Computer Science, Electrical Engineering or Mathematics. 


You'll receive an excellent salary with outstanding benefits and growth potential. For 
prompt consideration, please forward your resume in strict confidence to either: ERIM, 
Box 8618, Ann Arbor, MI 48107-8618; or ERIM, 5757 West Century Blvd., Suite 
340, Los Angeles, CA 90045 — Attn: Human Resources Manager-IE/190. ERIM has 
recently implemented a Doctoral Fellowship Program to promote continued technology 


growth and development. The program, sponsored in conjunction with the University of 
Michigan’s Department of Electrical Engineering and Computer Science (EECS), is now 
accepting inquiries at the above locations. An Equal Opportunity Employer. U.S. Citizenship 
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i860 Microprocessor Architecture. Eds. 
Margulis, Neal, Fisher, Elizabeth, and 
Paris, Janis, Osborne/McGraw-Hill, New 
York, 1990, 631 pp., $29.95. 


Inside Supercard (The Complete Guide for 
Macintosh Developers and Advanced 
Users). Himes, Andrew, and Ragland, 
Craig, Microsoft Press, Redmond, Wash., 
1990, 623 pp., $22.95. 


The Programmer’s Apple Mac Source- 
book. Ed. Hogan, Thom, et al., Microsoft 
Press, Redmond, Wash., 462 pp., $22.95. 


Introduction to Applied Solid State 
Physics- 2nd Edition. Da/ven, Richard, Ple- 
num Press, New York, 410 pp., $39.50. 


Neural and Automata Networks (Dynami- 
cal Behavior and Applications). Goles, 
Eric, and Martinez, Servet, Kluwer Academ- 
ic Publishers, Dordrecht, The Netherlands, 
1990, 250 pp., $69. 


Control of Computer-Based Technology 
for People with Disabilities: An Assess- 
ment Manual. Lee, Kathy S., and Thomas, 
Debra Jay, University of Toronto Press, 
Toronto, 1990, 310 pp., $50. 


Artificial Intelligence: An Engineering Ap- 
proach. Schalkoff, Robert J., McGraw-Hill, 
New York, 1990, 646 pp., $46.95. 


Automating Electric Utility Distribution 
Systems. Eds. Gnadt, PA., and Lawler, JS., 
Prentice Hall, Englewood Cliffs, N.J., 1990, 
25 pp., $51.40. 


Interconnection Networks for Large-Scale 
Parallel Processing-2nd Edition. H. Jay, 
McGraw-Hill, New York, 390 pp., $39.95. 


Superconducting Devices. Eds. Riggiero, 
Steven T., and Rudman, David A., Academ- 
ic Press, Boston, 1990, 396 pp., $49.95. 


Advanced Research in VLSI (Proceedings 
of the Sixth MIT Conference). Ed. Dally, 
William J., MIT Press, Cambridge, Mass. 
1990, 400 pp., $50. 


Measurement of High-Speed Signals in 
Solid State Devices (Volume 28: Semicon- 
ductors and Semimetals). Eds. Marcus, 
Robert B., et al., Academic Press, Boston, 
1990, 438 pp., $85. 


UK IT 1990 Conference. Mu/ti-authored, \n- 
stitution of Electrical Engineers, London, 
1990, 441 pp., $108. 


Computer Vision for Electronics Manufac- 
turing. Pau, L.F., Plenum Press, New York, 
1990, 324 pp., $65. 


Future Trends in Distribution Switchgear. 
Multi-authored, Institution of Electrical En- 
gineers, London, 1990, 129 pp., $58. 


Concise International Encyclopedia of 
Robotics—Applications and Automation. 
Ed. Dorf, Richard C., Wiley Interscience, 

(Continued on p. 90F) 
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The Lawrence Livermore National Laboratory is an applied science R&D facility operated by the 





ENGINEERING 


on the GRAND SCALE 


Lawrence Livermore National Laboratory 





University of California for the U.S. Department of Energy and is located in the San Francisco Bay 
Area. We have approximately 8,000 employees and are engaged in basic and applied research and 


Electromagnetic and Solid State Modeling 
To model the propagation, coupling and scattering of elec- 
tromagnetic radiation in the presence of geometrically 
complex objects in both linear and nonlinear regimens. 
The modeling of semiconductor device behavior in harsh 
and adverse environments is a significant problem of cur- 
rent interest. Analytical techniques using both finite ele- 
ment and finite difference will be used. Good theoretical, 
analytical and computational skills are required for these 
challenging problems. 


Control Systems Engineers 

To design and implement a range of closed loop control 
systems from extremely high precision applications to very 
complex process flow systems. 


High Voltage/Pulse Power Engineers 

To design, develop, and test a wide variety of high voltage 
and/or pulse power devices and systems. Work involves 
high power control and regulation, and high voltage/high 
speed switching, grounding, and shielding. 


development. We anticipate adding to our highly qualified staff individuals in the following areas: 






Advanced Photonics Applications 
To conduct research in experimental photonics which in- 
cludes: design, fabrication, and testing of diode lasers, 
ultrahigh speed and/or nonlinear optoelectronics. 


Electro-Optics Engineers 

To develop advanced ultra-fast optoelectronic and inte- 
grated optic components for processing very fast optical 
and electrical signals. Requires a broad background in 
both experimental solid state physics and quantum elec- 
tronics with emphasis on integrated optics, diode lasers, 
or optoelectronic modulators. 


Computer Systems and Software Engineers 

To design and implement mini and microcomputer based 
systems. Typical applications include the development of 
complex real time control systems, machine tool control, 
database management systems, and networking applica- 
tions. Positions involve familiarity with DEC VAX family of 
computers, high-level and Assembly languages, digital 
logic system design and control system design. 


Resumes may be sent in strict confidence to: Howard Revel, LAWRENCE LIVERMORE NATIONAL 


LABORATORY, P.O. Box 5510, Dept. A91009, Livermore, California 94550. 


University of California 


[= Lawrence Livermore 
National Laboratory 
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RECENT BOOKS 





(Continued from p. 90D) 
Somerset, N.J., 1990, 1190 pp., $99.95. 


At the Heart of the Bomb—The Dangerous 
Allure of Weapons Work. Rosenthal, 
Debra, Addison Wesley, New York, 1990, 
244 pp., $18.95. 


Languages and Compilers for Parallel 
Computing. Eds. Gelernter, David, et al., 
MIT Press, Cambridge, Mass., 1990, 553 
pp., $40. 


Waves and Fields in Inhomogeneous 
Media. Chew, Weng Cho, Van Nostrand 
Reinhold, New York, 1990, 611 pp., $56.95. 


Learn Microsoft Excel Now-Special Edi- 
tion. Soucie, Ralph, Microsoft Press, Red- 
mond, Wash., 1990, 328 pp., $29.95. 


Windows 3 Companion. Lorenz, Lori L., and 
O’Mara, R. Michael, Microsoft Press, ‘Red- 
mond, Wash., 1990, 519 pp., $27.95. 


Analogue IC design: the current-mode ap- 
proach. Eds. Toumazou, C., et al., Peter 
Peregrinus, London, 1990, 646 pp., $85. 


Toolbook Companion. Pierce, Joseph R., 
Microsoft Press, Redmond, Wash., 1990, 
693 pp., $27.95. 


Eighth International Conference on Video 
Audio & Data Recording. Multi-authored, 


Institution of Electrical Engineers, London, 
1990, 182 pp., $70. 


Electronics Packaging Forum (Volume 1). 
Ed. Morris, James E., Van Nostrand Rein- 
hold, New York, 1990, 347 pp., $56.95 


Learn Microsoft Word Now-Special Edi- 
tion. Rampa, Janet, Microsoft Press, Red- 
mond, Wash., 1990, 400 pp., $29.95. 


Third International Conference on Road 
Traffic Control. Mu/ti-authored, |Institution 
of Electrical Engineers, London, 1990, 218 
pp., $78. 


Learn Microsoft Word for Windows Now- 
Special Edition. Boom, Michael, Microsoft 
Press, Redmond, Wash., 1990, 414 pp., 
$29.95. 


Artificial Intelligence: An Engineering Ap- 
proach. Schalkoff, Robert J., McGraw-Hill, 
New York, 1990, 646 pp., $46.95. 


Microsoft Quickpascal Programming. 
Jamsa, Kris, Microsoft Press, Redmond, 
Wash., 1990, 688 pp., $22.95. 


The Amateur Astronomer. Moore, Patrick, 
W. W. Norton & Co., New York, 1990, 337 pp., 
$35. 


Telecommunications and the Computer- 
3rd Edition. Martin, James, Prentice-Hall, 
Englewood Cliffs, N. J., 1990, 720 pp., 
$36.75. 


Measurement of High-Speed Signals in 


Solid State Devices. Ed. Marcus, Robert B., 
Academic Press, Boston, 1990, 438 pp., 
$85. 


Microsoft QuickC Programmer’s Toolbox. 
Craig, John Clark, Microsoft Press, Red- 
mond, Wash., 1990, 525 pp., $22.95. 


Machine Vision for Three-Dimensional 
Scenes. Ed. Freeman, Herbert, Academic 
Press, San Diego, Calif., 1990, 419 pp., 
$59.95. 


The Waite Group’s Microsoft QuickC 
Programming. Waite, Mitchell, et al., 
Microsoft Press, Redmond, Wash., 1990, 
637 pp., $22.95. 


Alex Randall’s Used Computer Handbook. 
Randall 5th, Alexander, and Bennett, 
Stephen J., Microsoft Press, Redmond, 
Wash., 1990, 215 pp., $14.95. 


Curves and Surfaces for Computer Aided 
Geometric Design. A Practical Guide-2nd 
Edition. Farin, Gerald, Academic Press, 
Boston, 1990, 444 pp., $39.95. 


Advancing Production Management with 
Standard Cost and Operational Analysis. 
Broten, Lorne H. S., et al., APM Systems, 
Saskatoon, Sask., Canada, 1990, 280 pp., 
$249. 


Smalltalk-80 Programmation par objets. 
Dugerdil, Philippe, Presses Polytech- 
niques Romandes, Lausanne, Switzerland, 
1989, 297 pp., 68 Swiss Francs. 
(Continued on p. 90 I) 





Buk hBL Ak 
City Polytechnic 
of Hong Kong 


TEACHING POSITIONS 
IN A RAPIDLY EXPANDING INSTITUTION 


C 


IN HONG KONG 


Department: Electronic Engineering 


Posts: Principal Lecturers / Senior Lecturers / Lecturers 
Subject Areas: Optical Communications / Optoelectronics / Data 
Communications / Computer Systems / Mobile Communica- 
tions / Robotics and Automation / Computer Engineering 
Requirements for Appointment: A good honours degree, and a 
higher degree perferably a PhD for senior appointments. Relevant 
professional, including teaching and research/industrial experience. 
Salary Scale: HK$16,035 p.m. to HK$44,505 p.m. depending on 


level of appontment. 


(Exchange Rate: US$1 = HK$7.790 approximately) 

Terms & conditions: Option for appointment on gratuity-bearing 
terms (25% on basic salary) for two years or on superannuable 
terms with provision for retirement benefits. Excellent fringe 
benefits include medical & dental schemes and long leave. Pas- 
sages and housing are provided where applicable. 


Application Procedure: 


Further information regarding the City Polytechnic and posts ad- 
vertised may be obtained upon request. Applications including 
detailed resume and names and addresses of three referees should 
be sent to the General Secretary’s Office, City Polytechnic of Hong 
Kong, 83 Tat Chee Avenue, Kowloon, Hong Kong. (Fax: 788 9334, 
E-Mail: GSRECRUT @ CPHKVX.CPHK.HK, Telex: 45531 CPOLY HX). 
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and others. 





Graduate Assistantships in Optics 


The Center for Research in Electro-Optics and Lasers (CREOL) 
at the Univesity of Central Florida is seeking highly qualified 
applicants for a number of Graduate Assistantships in optics. 
Stipends range from $11,000 to $14,000 for 12 months. Ex- 
ceptional students will be considered for assistantship enhance- 
ments up to $4,000 through the Litton Foundation and United 
Technologies Optical Systems. Degrees of MS and Ph.D. in En- 
gineering and Physics are offered at UCF. CREOL has 28 faculty 
positions devoted to lasers and optical sciences and engineer- 
ing. The academic program includes basic Electrical Engineer- 
ing and Physics courses as well as, 23 specialized courses 
in electro-optics and lasers. Current research activities include: 
laser propagation, laser/material interaction, nonlinear optics, 
integrated-optics, infrared systems, optical signal processing, 
laser development, detector technology, ultrafast phenomena, 
x-ray sources and lithography, nonlinear optical spectrosco- 
py, diffractive optics, thin film optics, metal vapor lasers, free 
electron lasers, optoelectronics, growth of nonlinear and laser 
host materials, superconductivity, solid state and micro lasers, 


Applications are invited from students with an excellent aca- 
demic record and fluent command of the English language. 
Completed applications are due by March 15, 1991. To receive 
an application package, write to: 

CREOL — University of Central Florida 

Graduate Affairs Committee 

12424 Research Parkway, Suite 400 

Orlando, Florida 32826 


at CREOL 


IEEE SPECTRUM JANUARY 1991 














© 1990 Honeywell Inc. 


HONEYWELL: 





OPENING THE DOOR 


TO A CAREER IN AVIONICS TECHNOLOGY. 


Honeywell in Phoenix offers a variety 
of career opportunities in our Commercial 
Flight Systems Group. Our continuing 
growth has created the following positions: 


Systems Design Engineer — In this 
area, you will be involved in guidance and 
control systems analysis and hardware/ 
software design trade-offs. Specification 
designs, including guidance, navigation and 
control algorithm development, as well 
as systems integration and installation, 
flight test and customer liaison activity, are 
a part of these positions. 


System Software Development — 
This area involves development of flight 
software for advanced guidance and control 
systems for aircraft using modular and 
structured programming techniques. You 
will be involved with algorithms and 
development of real-time programs in both 
assembly (8086 family, Z8002 and 68000) 
and high order languages such as Pascal, 
“C,” Ada and PLM/86, with subsequent 


hardware integration. 


Electronics Engineering — These posi- 
tions involve the development of new pro- 
cessor/bus architectures and specifications 





to support fault tolerant/redundant airborne 
applications. 

Display Systems — These positions 
offer systems, software and hardware oppor- 
tunities with CRT/LCD display technology. 
You should be familiar with digital hardware 
design and/or real-time programming. Sys- 
tems functions include overall system defi- 
nition, design and customer interaction. 

To qualify for the positions listed above, 
you should have a BSEE or a BSCS degree 
and at least three years of experience. 


Ada Software Systems Engineers — In 
these positions you will design, implement 
and maintain software tools hosted on VAX/ 
VMS computer systems and written in Ada 
and “C” languages. Experience with design- 
ing and implementing compilers, linkers, 
debuggers and runtime libraries targeted to 
RISC architectures is required. A back- 
ground in Ada compiler support is highly 
desired. 


Additional opportunities are available 
in: 
¢ CRT/LCD Display Technology 


¢ Avionics Systems Simulation 


¢ CAE Engineering (Apollo Mentor 
Systems) 


¢ Artificial Intelligence 
* VAX Systems Administration 


* Fiber Optic Pressure Sensors 
* EMI/HERF 


* Software Tools Development 


Make a career move. Honeywell offers 
you a competitive salary and benefits pack- 
age. All new employees are required to suc- 
cessfully complete a drug screening test. 
Send your resume and salary history, in con- 
fidence, to Honeywell, Commercial Flight 
Systems Group, Professional Employment 
(IEEE-E904), P.O. Box 21111, M/S I-17C, 
Phoenix, AZ 85036. 


BEET RENeG YiO. i @:O:N i RsOale 
VO: URW Orkee D 


Equal Employment Opportunity/Affirmative Action Employer 
U.S. citizenship required for some positions 





In the complex world 
of defense electronics, 
a simple step may take 
you farther than your 
wildest dreams. We 
need people who 
think beyond what's 
expected. To wonder. 
To dream. To plan our 
next steps into worlds 
yet imagined. 

At E-Systems Garland Division, we 
understand that to succeed in the complex 
world of electronic defense, we have to be 
better than good. We've got to go one step 
beyond - to redefine the meaning of excel- 
lence. That’s because we know that mere 
steps can add up to leaps and bounds in 
advancing the defense industry. At the Gar- 
land Division, our people have the power to 
think beyond preconceived notions, guided 
by visions and dreams. Because of that, 
we're making outstanding strides in 
defense. 

So it’s no accident that we're one of 
America’s fastest growing suppliers of elec- 
tronic defense systems. Outstanding sys- 
tems, products and technologies come from 
professionals who are always willing to take 
the first step. 

E-Systems Garland Division is a 
Dallas-based leader in advanced signal and 
image processing technologies, sophisti- 
cated receiver systems, and systems inte- 
gration for programs like JSIPS and the 
Distributed Wargaming System. 

Be outstanding in your field. 

If you're a technical professional, we 
invite you to stand out with E-Systems 
Garland Division. 


Senior Software Engineers 
° UNIX, “C”, Ada, Pascal 
* X-Windows 


Photo courtesy of NASA. 


* 68000 Firmware 

* Sun, Daisy, Micro VAX Workstations 
* Cray and IBM Systems Software 

© DEC VAX/VMS Software 

* Algorithm Development 


Senior Hardware Systems 
Engineers 

° Digital Processing (Image and Signal) 

© Receiver/Antenna 

¢ RF/IF Communications 

© SIGINT/ELINT 

¢ VHSIC, VLSI, MMIC, GaAs 

* CAE/CAD/CAM Applications 
Management Information 
Systems 

* Business Systems Programming 

* IDMS/Cullinet 
Support Engineers 

© Components 

* Quality 

* Calibration 

* Configuration 
Business Development 
Specialists 

* Government/Commercial Programs 

° Mass Storage Systems 


* Communications Systems 
> 


SSO 


The science of systems. 


a ‘ead 


Be better than good. Join E-Systems 
Garland Division today. Send your resume to: 
Ann Olson, Director of Staffing, E-Systems, 
Inc., Garland Division, P.O. Box 660023, 
Dept. 25FS, Dallas, Texas 75266-0023. 


Principals only, please. 
US. Citizenship Required. 
An Equal Opportunity Employer, M/F/V/H. 
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Programmer’s Guide to Fortran 90. 
Brainerd, Walter S., et al., McGraw-Hill, 
New York, 1990, 410 pp., $34.95. 


Semiconductor Material and Device 
Characterization. Schroder, Dieter K., John 
Wiley & Sons, New York, 1990, 599 pp., 
$59.95. 


Mastering Technical Writing. Mancuso, 
Joseph C., Addison-Wesley, Reading, 
Mass., 1990, 272 pp., $27.95. 


UNIX System V Release 4-An Introduction. 
Ed. Rosen, Kenneth H., Osborne/McGraw- 
Hill, Berkeley, Calif., 1990, 1200 pp., $29.95. 


Essentials of Error-Control Coding Tech- 
niques. Ed. /mai, Hideki, Academic Press, 
San Diego, Calif., 1990, 337 pp., $55. 


Using Turbo C+ +. Schildt, Herb, Osborne/ 
McGraw-Hill, Berkeley, Calif., 1990, 755 pp., 
$24.95. 


Dye Laser Principles with Applications. 
Eds. Duarte, F. J., et al., Academic Press, 
San Diego, Calif., 1990, 457 pp., $64.50. 


ISDN: Concepts, Facilities, and Services. 
Kessler, Gary C., McGraw-Hill, New York, 
302 pp., $44.95. 


Using ANSI C in UNIX. Feibel, Werner, Os- 
bourne/McGraw-Hill, Berkeley, Calif., 1990, 
626 pp., $24.95. 


Electrical Impedance Tomography. Ed. 
Webster, J.G., Adam Hilger, Bristol, En- 
gland, 1990, 224 pp., $70. 


How To Solve Problems: For Success in 
Freshman Physics, Engineering, and 
Beyond-2nd Edition. Scar/, Donald, 
Dosoris Press, Glen Cove, NLY., 1990, 100 
pp., $8.95. 


SAS System: A Programmer’s Guide. Aron- 
son, Monte, and Aronson, Alvera L., 
McGraw-Hill, New York, 1990, 321 pp., 
$39.95. 


IBM Microcomputers: A Programmer’s 
Handbook. Sanchez, Julio, and Canton, 
Maria P, McGraw-Hill, New York, 1990, 503 
pp., $44.95. 


Implementing Discrete Mathematics: 
Combinatorics and Graph Theory with 
Mathematica. Skiena, Steven, Addison- 
Wesley, Redwood City, Calif., 1990, 352 pp., 
$43.25. 


Design To Test-2nd Edition: A Definitive 
Guide for Electronic Design, Manufacture 
and Service. Turino, Jon, Van Nostrand 
Reinhold, New York, 1990, 368 pp., $49.95. 


Distributed Computer Control for Industri- 
al Automation. Popovic, Dobrivoje, and 
Bhatkar, Vijay P, Marcel Dekker, New York, 
1990, 712 pp., $125.00. 


Signals: The Science of Telecommunica- 
tions. Pierce, John, and Noll, Michael A., 
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W.H. Freeman, New York, 1990, 256 pp., 
$32.95. 


ESD From A to Z: Electrostatic Discharge 
Control for Electronics. Ko/yer, John M., 
and Watson, Donald E., Van Nostrand 
Reinhold, New York, 1990, 250 pp., $39.95. 


Signals: The Science of Telecommunica- 
tions. Pierce, John, and Noll, Michael A., 
W.H. Freeman and Co., New York, 1990, 256 
pp., $32.95. 


Electronic Materials. Ed. Braithwaite, 
Nicholas, et al., Butterworths, Stoneham, 
Mass., 1990, 336 pp., $34.95. 


Minimalist Mobile Robotics. Connell, 


Jonathan H., Academic Press, San Diego, 
Calif., 1990, 175 pp., $29.95. 


Mars Beckons. Wilford, John Noble, Alfred 
A. Knopf, New York, 1990, 244 pp., $24.95. 


Robot Technology and Applications. Ed. 
Rembold, Ulrich, Marcel Dekker, New York, 
1990, 696 pp., $150. 


Digital Signal Processing Applications 
Using the ADSP-2100 Family. Ed. Mar, Amy, 
Prentice Hall, Englewood Cliffs, N.J., 1990, 
628 pp., $38. 


Mastering Electronics-3rd Edition. Wat- 
son, John, McGraw-Hill, New York, 1990, 
427 pp., $19.95. 
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WE STILL EMPLOY GREAT THINKERS 


In 1882 Thomas Edison served as a di- 
rector in one of Commonwealth 
Edison’s founding companies. His ideas 
eventually brought light to Chicago’s 
State Street, and the new power of elec- 


tricity to millions. 


In the mid-1960’s men and women 
with Edison’s ambition set out with an 
equally impressive agenda: to supply 
the electrical needs of northern Illinois 
well into the 21st century. Their ideas 
created one of the largest and most 
successful nuclear building programs in 


the world. 


Today we're the nation’s largest nuclear 
utility, with plansto ensure that our eight 
million users can rely ona clean, reliable 
source of energy far into the future. 


Electrical as well as Mechanical, Chem- 
ical and Nuclear Engineers with ambi- 
tion and imagination are invited to join 
us in a variety of management posi- 
tions. Meet tomorrow’s challenges by 
sending your resume today. Profes- 
sional Placement, Dept. #IES-1, 
COMMONWEALTH EDISON, P.O. 
Box 767, Chicago, IL 60690. Equal 
Oppty./Affirmative Action Employer. 


Cc Commonwealth Edison 


A Generation Ahead 







































ENDOWED CHAIR IN IMAGING SCIENCE 


WIEDMAN CHAIR 
(Ll MEDICAL IMAGING 
CENTER FOR IMAGING SCIENCE 
ROCHESTER INSTITUTE OF TECHNOLOGY 









An endowed chair in the Center for Imaging Science was established in 1986 as a 
permanent memorial to the parents of the benefactor, Frederick Wiedman Jr. The 
Center wishes to attract a nationally recognized scholar and educator in the field of 
Imaging Science to fill this chair which becomes vacant July 1, 1991. This position is 
intended to enhance the Medical Imaging program within the Center. Nominees should 
be recognized authorities in some aspect of Medical Imaging and should possess the 
leadership skills necessary to establish an outstanding research and academic 
program. RIT has a history of having a strong undergraduate program and it is 
expected that the successful candidate will have a commitment to both graduate and 
undergraduate education. 





Rochester Institute of Technology is an independent, co-educational university 
enrolling 13,000 students. The Center for Imaging Science grants BS, MS and PhD 
degrees in Imaging Science and an MS degree in Color Science. RIT is located near a 
university medical center and the research laboratories of many large and small 
corporations, including Kodak and Xerox. Nominations and applications should be 
forwarded to: 





Dr. Harvey Rhody, Chair 
Wiedman Search Committee 
Center for Imaging Science 

Rochester Institute of Technology 
One Lomb Memorial Drive 

Rochester, NY 14623 





RIT is an equal opportunity, affirmative action employer committed to cultural 
diversity. 





VAS 
aNd 


USE YOUR “TICKETS” 
FOR FASTER 
CAREER GROWTH 


Put our 25+ years experience 
placing technical professionals to 
work for you. All fees paid. Nation- 
wide opportunities in Commun- 
ications, Defense, Intelligence, 
Computer, Satellites and Analyti- 
cal Sciences. If you earn over 
$32,000, we have a better, more 
rewarding job for you... right 
now. U.S. citizenship and EBI/ 
SBI/POLY desirable. Call (301) 
231-9000 or send your resume in 
confidence to: Dept. EAISEB. 

Or FAX to: (301) 770-9015. 


WALLACH | 


associates, Inc. 
(GEST Ee ee ea 


Washington Science Center 
6101 Executive Boulevard 

Box 6016 

Rockville, Maryland 20849-6016 





Technical and Executive Search 











ROCK SOLID. 


A REPUTATION CARVED IN STONE 


Through 28 years of changing technology, the 
name Veda has stood for quality professional 
service. The strength and distinction of Veda 
Incorporated rest with our rock-solid record of 
long-term commitment to both our customers’ 
programs and our employees’ careers. This 
steadfast commitment has forged a valued repu- 
tation whereby our company logo has become a 
symbol to look up to. It is a symbol for imagina- 
tion, discovery, and knowledge. 


Veda provides a creative professional working 
environment, an excellent benefits package, and 
competitive salaries. If you are interested in a 
future with our company, please forward your 
resume, indicating geographic preference, to: 
Veda Incorporated, Personnel Department (IEEE 
1/91), 11 Canal Center Plaza, Suite 300, 
Alexandria, Virginia 22314. 


Veda’s technology areas are 
diverse in function yet consistent 
in quality and effectiveness. Posi- 
tions are currently available in the 
following technology areas: 


- Systems Engineering & 
Analysis 


- Systems Integration 
- Software Engineeering 


Veda Incorporated 


Locations: Alexandria, VA - Camarillo, CA - Dahlgren, VA - Ft. 

Walton Beach, FL - Jacksonville, FL - Nashua, NH - Norfolk, VA 

Rome, NY - Boston, MA - China Lake, CA - Dayton, OH - Fort 

Hood, TX - Lexington Park, MD - New London, CT - Orlando, FL 

Bucks County, PA - Ingolstadt, Germany i Logistics 

U.S. citizenship may be required. An equal opportunity / 
affirmative action employer. 


- Test & Evaluation 
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ELECTRICAL DESIGN 
ENGINEER 


(Power Distribution) 


Overseas — Indonesia 


RMI, a major oil production and 
operations contractor, has an 
immediate opening for an Electrical 
Design Engineer with a minimum 
of 15 years experience in field 
assignments (including 5 years in a 
supervisory role), with 3 years 
overseas experience preferred. An 
engineering degree is required; 
additional related training will be | 
helpful. 


This is a single status, 24-month 
contract that offers a liberal tax-free 

salary, 36 days per year leave, 

room and board and other ameni- 

ties, plus a company assigned 

vehicle. We also offer an excellent 

insurance package including major 

medical and personal accident cov- 

erage. 


Interested applicants should send 
a detailed resume clearly stating 
schooling completed, employment 
dates including name of employer, 
job responsibilities and other infor- 
mation to: Mr. T. Bradley, P.T. 
Resources Management Inter- 
national, 3980 N. River Street, 
Suite 650, Arlington, VA 22207. 


International Positions in 
Military Communications Systems 


SHAPE TECHNICAL CENTRE 


THE HAGUE 
THE NETHERLANDS 


(A NATO scientific and technical establishment) 


THE TECHNICAL CENTRE SEEKS: Scientists to work in the fields of Architecture and Planning and 
Satellite Communications within the Communications Division. These challenging and interesting 
positions concern studies related to the evolution of NATO communications systems toward all dig- 
ital fully interoperable network configurations based on CCITT/ISDN and OSI concepts and stan- 
dards, and include the SATCOM component in both benign and stressed environments. 


SALARY in the range of Dutch Guilders 7,000 to 11,000 PER MONTH (NET) 
(Depending upon family status) 


STC expects candidates to have: 


e A university degree in communications engi- 
neering or closely related engineering or scien- 
tific field, preferably equivalent to a Master’s 
and supplemented by post-graduate or other 
studies. Several years’ relevant experience in 
one of the areas cited. 


e A good appreciation of ISDN network dis- 
ciplines for architecture and planning and serv- 
ice provision, network modelling and 
simulation (Architecture Branch). 


e A good appreciation of the applications of SAT- 
COM systems in a military environment (SAT- 
COM Branch). 


e The proven ability to identify problems and to 
formulate and develop solutions, be they hard- 
ware, software or procedural. 


e An ability to communicate effectively with mili- 
tary, scientific and lay audiences at all levels, 
both orally and in writing. 


Candidates may expect from STC: 


e A pleasant working atmosphere in an interna- 
tional community. 


e Excellent support and laboratory facilities. 


e Excellent salaries, tax-free in the Netherlands 
including expatriation, household and chil- 
dren’s allowances, and additional privileges for 
expatriate staff. 


e Education allowances for children, where ap- 
propriate. 


e An excellent private health insurance scheme. 
e Generous annual leave and home leave. 


e A three-year contract which may be renewed by 
mutual consent. 


Candidates, who must be NATO nationals, are requested to forward their resume to: 


Personnel Officer 
SHAPE Technical Centre 
P. Box 174 

2501 CD The Hague 
The Netherlands 


to arrive not later than 28 February 1991, quoting reference A2/3/4-COM(A/S)-91. 


These positions are also open to US Government Civil Servants who should submit their SF 171 


or resume directly. 
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Lawrence Berkeley Laboratory 


(LBL) 


University of California (UC) 
Position in X-ray Lithography 


The Center for X-ray Optics anticipates 
creation of a new two year term posi- 
tion in the area of x-ray lithography. 
Looking forward to future facilities at 
LBL’s Advanced Light Source (ALS), a 
synchrotron source specifically opti- 
mized for soft x-ray wavelengths, 
activities will involve evaluation of 
competing x-ray lithographic techni- 
ques, optics, sources, mask and resist 
issues, participation in experiments at 
existing facilities, and assistance in the 
organization of workshops and other 
meetings which help to identify 
Berkeley’s role in this important tech- 
nological area. This position will 
involve a very close collaboration 
with UC Berkeley faculty and students 


LAWRENCE 
BERKELEY 
LABORATORY 












interested in lithography and 
nanofabrication. In addition, close 
collaborations with other university, 
industrial and national laboratory 
partners are anticipated, thus the 
ability to work effectively as a team 
member is important. Requirements: A 
knowledge of optical lithographic 
techniques is required. Special knowl- 
edge of x-ray optical techniques is not 
required, but a knowledge of visible 
optics and microfabrication techni- 
ques will be very useful. Job #A/6076 


Position provides an excellent UC 
benefits package. Salary is commen- 
surate with experience. 


To apply, please send a letter of 
interest indicating the job # and a 
resume to: LBL, #1 Cyclotron Road, 
MS 90/1042, Berkeley, CA 94720. 


EEO/AA 





Electrical/Computer 
Engineering 


A tenure track position is anticipated in 
the Department of Engineering at Swarth- 
more College starting in September 1991. 
Beginning Assistant Professor preferred 
but an appointment at a higher rank, con- 
sistent with experience and qualifications, 
will also be considered. Applicants must 
have a primary interest in undergradu- 
ate teaching and the ability to develop a 
relevant research program. A Ph.D. in 
electrical engineering with a background 
in computer engineering is expected. We 
expect the candidate would also assist in 
supporting our computer science pro- 
gram. Swarthmore College, located in 
suburban Philadelphia, is a small coedu- 
cational institution devoted to undergrad- 
uate teaching and research. Applicants 
should submit a complete resume and the 
names of at least three references to: 


Professor Nelson A. Macken 
Chairman 

Department of Engineering 
Swarthmore College 
Swarthmore, PA 19081-1397 


Applications accepted until the position 
is filled. Swarthmore College is an Equal 
Opportunity Employer. Women and 
minorities are encouraged to apply. 





































































BIOMEDICAL 


Medical Devices Technology Assessment 





At Eli Lilly and Company, we rely on a team of high-caliber professionals to help us 
identify, develop, and manufacture superior quality health care, diagnostic,and 
animal health products. Our success in these areas is in part due to the high quality 
process that we have developed to identify new technologies and important unmet 
Clinical needs. To help us in this effort, our Medical Devices and Diagnostics Division 
is now seeking experienced individuals to become involved in our expanding efforts 
in technology assessment. Bring us your expertise and help support our worldwide 
reputation for quality health care. 


Interacting with a wide range of personnel, you will assist in designing in vitro, in 
vivo, and clinical studies for device safety and efficacy, as well as conduct, review, 
and interpret study findings. You will also assist in reviewing relevant patents and 
present your recommendations to management. We seek Ph.D.s in Biomedical 
Engineering or the equivalent, with strengths in electrical or mechanical engineering, 
an emphasis on cardiovascular physiology, and 3+ years engineering experience 
in a medical device environment. 


In addition to unprecedented programs for professional growth, we provide attractive 
salaries and benefits. For consideration, please send a cover letter with resume and 
salary requirements to: Director, Personnel, Medical Devices and Diagnostics 
Division, Eli Lilly and Company, Lilly Corporate Center, Indianapolis, IN 
46285. Equal Opportunity Employer. 


Commitment to Excellence 





SENIOR ELECTRONIC ENGINEER 
Tucson, Arizona 


The National Optical Astronomy Observa- 
tories requires the talents of an experi- 
enced and creative Sr. Electronic Engineer 
to work on the design and development 
of control systems for advanced astronom- 
ical telescopes. The successful candidate 
must have systems level experience with 
digital and analog servo design utilizing 
microprocessors. The initial assignment 
will be to take the lead role in the design 
and development of a control system for 
a new 3.5 Meter telescope at Kitt Peak Na- 
tional Observatory. 


We require a BSEE and a minimum of 10 
years demonstrated experience with con- 
trol systems. A MSEE is desired and will 
be taken in lieu of some experience. A 
strong background with motion controls, 
digital electronics, and the ability to direct 
the work of others is necessary. Experi- 
ence in any of the following skill categories 
would be a definite asset: telescope con- 
trol systems, imaging detectors, optical 
systems, STD- and VME-based systems 
and UNIX™ worksations. 


We offer an excellent compensation pack- 
age including 24 days annual vacation. 
Please send resume to: Judy Ruffino, Per- 
sonnel Manager, Optical Astronomy Obser- 
vatories, P.0. Box 26732, Tucson, Arizo- 
na 85726. 

An EEO/AA Employer 








He knows the difference between 
a Nyquist curve and a demand curve. 
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Today’s highly charged, high-tech corporate environment demands bilingual management, 
as fluent in the language of the laboratory as in the idioms of the boardroom. 


Terrence McGarty, Corporate Director, Applied Research at NYNEX is just such a manager. 
Among his three MIT degrees is a PhD in Electrical Engineering. In addition to charting the 
course for the Applied Research Laboratories at the NYNEX Science & Technology Center, he 
manages the corporate venture capital funds and has authored a recently published book on 
business planning for entrepreneurs. 


As the head of an organization committed to developing and delivering cutting edge 


technology that is as easy to use as the telephone, McGarty needs a magazine that goes beyond 
surface coverage. 


He is one of 500,000 scientific/engineering professionals who read SPECTRUM magazine to 


gain useful insight into emerging state-of-the art technologies that will direct their roles in 
shaping our tomorrows. 


SPECTRUM—essential, relevant, informative. Reaching readers who create tomorrow, today. 
IEEE 


SPECTRUM 


345 East 47th Street, New York, NY 10017, U.S.A. - 212-705-7760 
Spectrum is published by The Institute of Electrical and Electronics Engineers, Inc. 
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ELECTRO-OPTICAL 
SYSTEMS ENGINEEKS 


Battelle, a world leader in contract research and professional services, has 
an immediate need for experienced engineers with advanced degrees in 
electrical engineering or a related discipline. This is an opportunity to work 
closely with a talented group of research engineers on electro-optical 
systems projects. The positions are further described as follows: 

Electronic Engineer — Requires 5 years of experience in the design and 
development of custom electronics for image processing applications. 
Analog and digital design experience includi Ine wiedae of VME hardware 





















and development systems is also required. This position is for a hardware 
engineer interested in the development of electro-optical systems. 


Vision Inspection/Image Processing Engineer — Requires 7 years of 


experience in the design, analysis, and development of image processing 
systems for vision inspection or image analysis applications. A strong 
publication record and a positive industrial reputation are expected. This is 
a position for a senior person interested in applying both technical expertise 
and program marketing skills to develop new programs. 


Battelle offers competitive salaries, comprehensive benefits, and opportu- 
nities for career advancement. U.S. Citizens and Permanent Residents who 
meet the requirements and are interested in either of the above positions are 
encouraged to send their resumes to: Mr. Richard Shaw, Battelle, Dept. 
214, 505 King Avenue, Columbus, Ohio 43201-2693. An Equal Oppor- 
tunity/Affirmative Action Employer M/F/H/V. 


+ ¢Battetle 


. . . Putting Technology To Work 


The Air Force Office of Scientific Research 
1991 Summer Research Program 

Offers Paid Opportunities 

for Faculty and Graduate Students 


The Air Force Office of Scientific Research (AFOSR) is currently seeking 150 
faculty and 100 graduate students to spend ten weeks this summer at Air 
Force research laboratories nationwide. These unique opportunities include a 
weekly stipend, an expense allowance, and, for faculty, funded orientation 
visits as well as a chance to be awarded up to $20,000 for follow-on research. 
Disciplines sought include: 

- Aeronautical Engineering ¢ Geophysics/Meteorology 

- Astronautical Engineering - Life Sciences 

- Behavioral Sciences ¢ Materials Science 

+ Chemistry « Mathematics/Computer Science 

¢ Civil Engineering ¢ Mechanical Engineering 

- Electrical Engineering - Physics 


The program is open to U.S. citizens who are full-time faculty or graduate 
students at accredited U.S. academic institutions. For information or applications, 
contact: Research & Development Laboratories, Summer Research Program 
Office, 5800 Uplander Way, Culver City, CA 90230-6608, or call (800) 677-1363 
or (213) 410-1244. Applications must be received by February 1, 1991 (faculty) or 
April 1, 1991 (graduate students). 


90N 








By Administered for AFOSR by RDL, an Equal Opportunity Employer. 
Circle No. 41 





FREE! 1991 
SALARY SURVEY 


Contact us for your copy 
And ask us about outstand- 
ing new career opportunities U.S. 

°c ENGINEERING | 
in Wisconsin & nationwide & HIGH-TECH 
(via 200 affiliates) SALARIES 
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1025 S. Moorland Rd 
Brookfield, WI 53005 
414-796-1941 
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HIGH-TECH ELECTRONICS, 
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John Cissell Dick Berg 

2175 Credit Union Lane 10150 Sorrento Valley Rd. 
Suite 504 Suite 314 

N. Charleston, SC 29418 | San Diego, CA 92121 
803-572-3000 619-458-1323 







All Fees Paid by Client Companies/EEOC 
















SOFTWARE DESIGN/PROJECT 
$35,000-$75,000+ 


© UNIX © Ce C++ 
e RealTime © Robotics © Ada 
Immediate, desirable Mid-Atlantic, Pennsylvania. 
Upstate New York & New England opportunities. 
Engineering placement specialists since 1946. In 
confidence, send resume or call James Corby. Pres. 
The Resource Group, Inc. 
Box 110 Westview Station, 
Binghamton, NY 13905 
607-723-5377 
Exclusively client-company fee paid. 















UNIVERSITY OF HONG KONG 


Lecturer in 
Electrical and Electronic Engineering 
(Ref. 90/91-8) 


Applications are invited for a Lectureship in the 
Department of Electrical and Electronic En- 
gineering. Applicants should possess a higher 
degree and/or corporate membership of the In- 
stitution of Electrical Engineers or its equiva- 
lent. Preference will be given to those having 
teaching, research and other relevant experience 
in one of the following fields: computer and 
microprocessor systems design, Electiical ener- 
gy conversion and utilization, and Industrial au- 
tomation. 


Annual salary (superannuable) is on an 11-point 
scale: HK$279,900 - 467,700 (approx. 
US$1 = HK$7.80 as at November 20, 1990). 
Starting salary will depend on qualifications and 
experience. At current rates, salaries tax will 
not exceed 15% of gross income. Children’s 
education allowances, leave, and medical 
benefits are provided; housing or tenancy al- 
lowances are also provided in most cases at a 
charge of 7.5% of salary. 


Further particulars and application forms may 
be obtained from Appointments (38757), As- 
sociation of Commonwealth Universities, 36 Gor- 
don Square, London WC1H OPF, U.K.; or from 
the Appointments Unit, Registry, University of 
Hong Kong, Hong Kong. (Fax (852)-5592058; 
E-mail APPTUNIT @ HKUVM.HKU.HK). 


Closes 14 February 1991. 
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Today, global thinking isn’t just an 
option. It’s a necessity. And as a mem- 
ber of our technical staff, you and your 
project teammates will be responsible 
for putting GTE’s global thinking to 
work. 


¢ Network Design 

¢ Circuit Switching 

¢ Packet Switching 

¢ COMSEC 

¢ Tactical Communications Systems 
¢ Data Distribution 

¢ Military Systems Engineering 

e Man/Machine Design 

¢ Network Management 


In your position, you’ll assist with 
locating, developing and capitalizing 
on ways our already outstanding tech- 


nology can be enhanced for use by 
domestic and international clients. As 
you contribute to the growth of these 
new business opportunities, you'll be 
asked to apply your expertise and crea- 
tivity in new and challenging projects 
and situations. 


Take advantage of the ongoing oppor- 
tunities at GTE. If you have a BS/MS 
in electrical engineering, and a mini- 
mum of 8 years’ experience in any of 
the areas listed, send your resume to: 


Arnold Amirault, GTE Government 
Systems—Command, Control and 
Communications Systems, Human 
Resources/Dept. 229, 400 John 
Quincy Adams Rd., Taunton, MA 
02780. An Equal Opportunity 
Employer M/F. 


Command, Control and Communications Systems 


Government 
Systems 
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Configuration Management oriented, han 
software-release software and methodology, 
have: : 


e 3-5 years experience. 
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7 emi te ee NRTA TTS 
CLASSIFIED EMPLOYMENT OPPORTUNITIES 


The following listings of interest to IEEE members have been placed by educational, government, and industrial organizations 
as well as by individuals seeking positions. To respond, apply in writing to the address given or to the box number listed in 
care of Spectrum Magazine, Classified Employment Opportunities Department, 345 E. 47th St., New York, NY. 10017. 


Advertising rates 
Positions open: 


$34.00 per line, not agency-commissionable 
Positions wanted: $34.00 per line, a 50% discount for IEEE members who supply 


their membership numbers with advertising copy 


All classified advertising copy must be received by the 25th of month, two months preceding date of issue. No telephone ord- 
ers accepted. For further information contact Theresa Fitzpatrick, 212-705-7578. 


IEEE encourages employers to offer salaries that are competitive, but occasionally a salary may be offered that is significant- 
ly below currently acceptable levels. In such cases the reader may wish to inquire of the employer whether extenuating cir- 


cumstances apply. 


Academic 
Positions Open 


University of Illinois at Urbana-Champaign. The 
Departments of Electrical and Computer En- 
gineering invites applications for several tenure 
track and tenured faculty positions. Applicants 
must have an earned Ph.D., outstanding aca- 
demic credentials, and an ability to teach effec- 
tively at both the graduate and undergraduate 
levels. Selected candidates will be expected to 
initiate and carry out independent research and 
to perform academic duties associates with our 
B.S., M.S., and PhD. programs. The department 
has one of the largest programs in the United 
States granting approximately 400 B.S., 100 M.S. 
degrees and 65 Ph.D. degrees. Research is con- 
ducted in acoustics, bioengineering, communi- 
cations, computer engineering, computer vi- 
sion & robotics, control, electromagnetics, in- 
tegrated circuits, laser and electro-optics, 
microelectronics, power systems and power 
electronics, signal processing, and remote 
sensing. Particular need exists for faculty in 
communication systems. However, all candi- 
dates judged to have outstanding qualifica- 
tions for a position in any of the above areas will 
be interviewed. The University of Illinois is an 
equal opportunity/affirmative action employer. 
Send resume, with references and a list of pub- 
lications, to: Faculty Search Committee, 
Department of Electrical and Computer En- 
gineering, 1406 West Green Street, University of 
Illinois, Urbana, IL 61801. 


Research Associate, Microwave CAD. The NSF 
1/UCR Center for Microwave/ Millimeter-Wave 
CAD at the University of Colorado, Boulder has 
a post-doctoral opening for research in the area 
of computer-aided design of microstrip anten- 
nas. The position requires a Ph.D. in Electrical 
Engineering or a related field. The candidate 
must have a strong background in CAD tech- 
niques suitable for microstrip antennas and ar- 
rays with a dielectric layer covering, preferabl 
having worked on a Ph.D. thesis in this field. 
Also, complimentary expertise in CAD of 
microstrip circuits is desired. The candidate 
should be capable of handling research con- 
tracts and should be able to supervise gradu- 
ate students on research projects. Teaching 
responsibilities may also be assigned as need- 
ed. The initial appointment is for a minimum 
period of one year with the possibility of renew- 
al. The salary will be in the range of $37.5K 
to$40K, depending upon relevant experience. To 
apply, send a resume (with names of references) 
to: Director, MIMICAD Center, University of 
Colorado at Boulder, Campus Box 425, Boulder, 
CO 80309-0425. Deadline for applications is 
February 15, 1991. The university of Colorado at 
Boulder has a strong institutional commitment 
to the principle of diversity in all areas. In that 
spirit, we are particularly interested in receiving 
applications from a broad spectrum of people 
including women, members of ethnic minorities 
and disabled individuals. 


University of Illinois at Chicago—Instructor- 
ships and Tenure-Track faculty positions in elec- 
trical engineering and computer science at 
both the junior and senior level are available. 
Rank and salary commensurate with qualifica- 
tions. An earned Doctorate in EE or CS must be 
completed by date of appointment, but not for 
the instructorships. Demonstrated teaching 
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and research abilities are highly desirable. For 
full consideration, please send resume, list of 
publications, and the names of at least three 
references by April 30, 1991, to Dr. Wai-Kai Chen, 
Head, Department of Electrical Engineering 
and Computer Science (M/C 154), University of 
Illinois at Chicago, PO. Box 4348, Chicago, IL 
60680. The University of Illinois is an Affirma- 
tive Action/Equal Opportunity Employer. 


The Mechanical Engineering Department at 
Carnegie Mellon University invites applications 
for a tenure-track position at the Assistant 
Professor level Commencing September 1991 in 
the area of Robotics and Controls. This position 
is joint with the Robotics Institute at Carnegie 
Mellon. Applicants must have a Ph.D. in 
Mechanical Engineering (or closely related 
field). Duties include teaching undergraduate 
and graduate courses, and research. Appoint- 
ments at a higher rank will be considered for 
qualified applicants having a proven record of 
grant support. Submit application, complete re- 
sume, and names of three references to Profes- 
sor G.B. Sinclair, Mechanical Engineering 
Department, Carnegie Mellon University, 
Schenley Park, Pittsburgh, PA 15213-3890. Clos- 
ing date for applications is February 15, 1991. 
Carnegie Mellon University is an affirmative ac- 
tion/equal opportunity employer. 


Clemson University. Department of Electrical 
and Computer Engineering. The Department of 
Electrical and Computer Engineering at Clem- 
son University invites applications for tenure/ 
tenure-track positions, primarily at the assis- 
tant professor level. A Ph.D. is required. Candi- 
dates with research interests in one of the fol- 
lowing areas are sought: communications and 
digital signal processing; networks and dis- 
tributed computing; quantitative analysis of 
computer architectures; electromagnetic anal- 
ysis of active devices (microwave, millimeter 
wave, or electro-optic); and multidisciplinary ap- 
plications in power systems (e.g. power and ar- 
tificial intelligence; power and computer com- 
munications). A successful candidate must ex- 
hibit exceptional potential for research and 
teaching. Clemson University’s College of En- 
gineering was listed as one of the United States’ 
“up-and-coming” engineering graduate pro- 
grams in the March 19, 1990, issue of U.S. News 
and World Report. The ECE Department com- 
prises thirty-six full-time faculty, approximate- 
ly 700 undergraduate students, and 140 gradu- 
ate students. It offers B.S., M.S., and Ph.D. 
degrees in both electrical engineering and com- 
puter engineering. Facilities and/or groups 
bearing on the areas indicated above include 
the Clemson University Electric Power Re- 
search Association (CUEPRA); a microcircuits 
reliability research group with aclass 100 clean 
room; automated microwave measurement fa- 
cilities to 26 GHz; an image processing labora- 
tory; a Center for Computer Communication 
Systems. Resumes, supported with a list of 
references, should be sent to L. Wilson Pearson, 
Head; Department of Electrical and Computer 
Engineering; 102 Riggs Hall; Clemson Universi- 
ty; Clemson, SC 29634-0915. Initial screening of 
applicants will begin January 15, 1991 and con- 
tinue until positions are filled. Clemson Univer- 
sity is an Equal Opportunity/Affirmative Action 
Employer. 


University of Southern California. The Depart- 
ment of Electrical Engineering-Systems at the 
University of Southern California has faculty 


positions available at the Assistant, Associate 
for Full Professor level in the following areas: 
Communications Science (optical communica- 
tions with an experimental emphasis, digital 
signal processing), and Signal and Image 
Processing (algorithm oriented; and, hardware 
for signal processing-analog, digital). Com- 
puter Engineering within the Electrical 
Engineering-Systems department is expanding, 
and looking to fill positions in the following 
areas: VLSI/CAD, networks (optical type), and ar- 
chitecture with an emphasis on hardware. Ad- 
ditionally, we are looking for a full-time instruc- 
tor (M.A. only required) to support the Computer 
Science/Computer Engineering undergraduate 
degree program. For all openings, please send 
a resume and the names of at least three aca- 
demic reference to Jerry M. Mendel, Chairman, 
Department of Electrical Engineering-Systems, 
University of Southern California, Los Angeles, 
CA 90089-0781. USC is an equal opportunity/af- 
firmative action employer. 


E.E. Faculty Positions at Auburn University. E.E 
Department currently has openings for faculty 
with expertise in any of the following areas: 
computer engineering, VLSI design, electronic 
circuit design or power engineering. Applicants 
must be research oriented, have a Ph.D. and an 
electrical engineering background. Senior lev- 
el appointments are available. Foreign nation- 
al applicants must clearly indicate visa status. 
Auburn is Alabama’s land-grant university with 
22,000 students. The E.E. Department has 30 
faculty and currently enrolls approximately 750 
undergraduate and 120 graduate students. The 
annual research funding level is approximate- 
ly $3 million. Interested persons may send re- 
sumes to Professor L.L. Grigsby, Chairman of 
Faculty Search Committee, Department of Elec- 
trical Engineering, Auburn University, AL 
36849-5201. Minorities and women are en- 
couraged to apply. Auburn University is an 
equal opportunity and affirmative action em- 
ployer. 


Texas A&M University. The Electrical Engineer- 
ing Department has several openings for tenure 
track faculty at all ranks. Applicants must have 
a Ph.D. degree. For senior positions, the in- 
dividuals should have a proven record of schol- 
arly contributions, and for junior positions, 
demonstrated potential for quality research 
and teaching is necessary. The salary is com- 
petitive and commensurate with qualifications 
and experience. The Department has 1300 un- 
dergraduate students, 350 graduate students 
and a faculty of 56. Currently the active areas 
of graduate programs include digital and ana- 
log microelectornics , electronic and magnet- 
ic materials and devices, electromagnetics, 
micorowave engineering, computer engineer- 
ing, electrooptics, telecommunications, con- 
trols, signal processing, electric power sys- 
tems, and power electronics. Qualified individu- 
als having expertise in any of these research 
areas are urged to apply. The Department has 
a particular interest in hiring outstanding 
faculty in the areas of computer engineering, 
microelectronics, electronic materials, elec- 
tromagnetics, microwave engineering, power 
systems automation, solid state electronics 
and signal processing. Applicants should send 
a complete resume, including names and ad- 
dresses of three references to Dr. JW. Howze, 
Department Head, Electrical Engineering 
Department, Texas A&M University, College Sta- 
tion, TX 77843. Texas A&M University is an equal 
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opportunity/ affirmative action employer, and 
actively seeks the candidacy of women and 
minorities. 


Professor of Optics—The Institute of Optics, 
University of Rochester, invites applications for 
a tenure track position as Assistant Professor 
or Associate Professor of Optics. A Ph.D. de- 
gree in Physics, Optics, or Electrical Engineer- 
ing is required. Particular research interest is 
optical engineering. The successful candidate 
will be expected to teach one course per semes- 
ter and to pursue a vigorous program of re- 
search. Laboratory space and’start-up research 
funds will be provided. The Institute of Optics 
offers programs leading to the B.S., M.S., and 
Ph.D. degrees in Optics and has approximately 
150 graduate students in residence at the pres- 
ent time. Qualified women and minority per- 
sons are especially urged to apply. Send a re- 
sume and names of three reference to: Profes- 
sor Duncan T. Moore. Director, The Institute of 
Optics, University of Rochester, Rochester, New 
York 14627. An Equal Opportunity Employer. 


Postdoctoral Fellowships in Electronic Imag- 
ing. The University of Rochester announces the 
availability of prestigious two-year postdoctoral 
appointments to EASTMAN-KODAK FELLOW- 
SHIPS IN ELECTRONIC IMAGING starting on or 
after 1 January 1991. These are challenging po- 
sitions for superior scholars who wish to pur- 
sue basic research topics in Electronic Imaging 
and Digital Imaging Science including image 
processing, photodetector arrays, color 
science, automatic pattern recognition, and ac- 
tive and passive remote sensing. Research is to 
be conducted in existing laboratories at the 
University of Rochester in close cooperation 
with University faculty and senior ergueene 
scientist from the Eastman-Kodak Company. 
Qualifications required for these positions in- 
clude a Ph.D. degree in Electrical Engineering, 
Optics, Computer Science, or Physics with 
some specialization in Imaging Science or Elec- 
tronic Imaging. An excellent mathematical 
background and extensive computer ex- 
perience are required. Demonstrated excel- 
lence in research (describe thesis) and poten- 
tial for significant research contributions are 
major factors in our evaluation procedure. 
There is also to be an emphasis on developing 
relevant research on topics that are suitable for 
funding from external sources. Please send a re- 
sume together with a list of three or more 
professional references and with a brief (4 
pages or less) description of your specific re- 
search interests. Applications will be consid- 
ered until the positions have been filled. This is 
a continuing program of research that is as- 
sociated with the establishment of a major Con- 
sortium dedicated to Electronic Imaging in the 
Rochester Community. Annual salary is $30,000 
to $35,000 based on a 40-hour week. Send ap- 
plications to the attention of Professor Nicho- 
las George, Associate Dean for Research, Insti- 
tute of Optics, College of En eee Applied 
Science, University of Rochester, Rochester, 
NY, 14627. Equal opportunity employer (M/F). 


Vacancy Announcement. University of |Idaho— 
Faculty Positions. Electrical Engineering, 
University of Idaho invites applications for ten- 
ure track positions at the assistant professor 
level; however, outstanding applicants at higher 
levels will also be considered. While speciali- 
zation in digital systems, electronics, power, or 
electromagnetics is desired, outstanding can- 
didates in all areas are encouraged to apply. 
Qualifications for each position include an 
earned PhD in electrical engineering or aclose- 
ly related field, excellent teaching ability, poten- 
tial for establishing a strong research program 
and US citizenship or permanent residency. 
Successful applicants will teach at the under- 
graduate and graduate levels and conduct re- 
search with graduate students in appropriate 
specialty areas. The Department offers BS, MS, 
MEngr, and PhD degrees in electrical engineer- 
ing and BS, MS, and MEngr degrees in computer 
engineering. The University of Idaho is the land- 
grant university in Idaho and has statewide 
responsibility for engineering education. The 
main campus is located in Moscow, in the heart 
of the Palouse region of northern Idaho approx- 
imately 10 miles from Washington State Univer- 
sity in Pullman, Washington. The University of 
Idaho has over 9,000 students, and the Depart- 
ment of Electrical Engineering has approxi- 
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mately 320 undergraduate students, 50 full-time 
graduate students, and 16 faculty. Active areas 
of research include power, analog electronics, 
control systems, communications, digital sys- 
tems, and very large scale integrated (VLSI) cir- 
cuits. The Microelectronics Research Center 
(MRC), established within the College of En- 
gineering in 1985, concentrates on the design 
of VLSI computer chips. The MRC was recently 
selected as one of nine Space Engineering Re- 
search Centers by NASA. Applications will be 
accepted until the positions are filled; closing 
date will be no earlier than February 1, 1991. 
Send letter, resume, and names of three refer- 
ences to Dr. John E. Purviance, Department of 
Electrical Engineering, University of Idaho, 
Moscow, Idaho 83843-4194. The University of 
are an EO/AA employer and educational in- 
stitution. 


Illinois Institute of Technology, Department of 
Electrical and Computer Engineering invites ap- 
plications for tenure track and tenured faculty 
positions in the areas of computer, communi- 
cation, electromagnetics, and power. Please 
send resume to Chair of Faculty Search Com- 
mittee, Department of Electrical and Computer 
Engineering, Illinois Institute of Technology, 
Chicago, Illinois 60616. IIT is an equal opportu- 
nity/affirmative action employer. 


Faculty Position—Ohio University: Applica- 
tions are invited for a tenure-track faculty posi- 
tion with a specialty in control systems. The 
opening is immediately available. Duties in- 
clude teaching at the graduate and undergradu- 
ate levels and obtaining and participating in 
sponsored research. Preference will be given to 
those candidates that have a demonstrated rec- 
ord or show potential for attracting externally 
supported research. Applicants must have a 
Ph.D. or equivalent. The position will be filled 
at the Assistant or Associate levels, depending 
on qualifications. The Electrical and Computer 
Engineering Department has the Stocker En- 
dowment, worth more than $6 million, to sup- 
port research and graduate education. The 
department is housed in the $12M Stocker Cen- 
ter and has more than $2.2M per year in spon- 
sored research. The Department offers both the 
M.S. and Ph.D. degrees. To establish research 
programs, new faculty are given special con- 
sideration in terms of equipment budget and 
summer support. Ohio University provides com- 
petitive compensation. Screening of candi- 
dates will begin immediately, and applications 
will be accepted until the position is filled. Send 
aresume and the names of at least three refer- 
ence to Dr. Dennis Irwin, Chairman of the 
Search Committee, Electrical and Computer En- 
gineering Department, Stocker Center, Ohio 
University, Athens, Ohio 45701-2979. Preference 
will be given to U.S. Citizens and permanent 
residents. Ohio University is an equal opportu- 
nity and affirmative action employer. 


The Department of Electrical Engineering at Tu- 
lane University invites applications for two non- 
tenure track instructor positions. Some advan- 
tages are: 1) an excellent opportunity for a per- 
son with a masters degree in electrical en- 
gineering to prepare for a career in higher edu- 
cation while working toward the doctorate, 2) 
nine-month appointment with a salary reasona- 
bly competitive with industry, and 3) up to six 
hours of tuition free graduate study per semes- 
ter. Existing research emphasizes signal and 
image processing, communications, control 
and power systems, and computer systems. 
Complete vitae, including official undergradu- 
ate and graduate transcripts and a minimum of 
three references, should be sent to Dr. Si. 
Hsieh, Chairman, Search Committee, Depart- 
ment of Electrical Engineering, Tulane Univer- 
sity, New Orleans, LA 70118-5674. Closing date 
is March 1, 1991. Tulane University is an equal 
opportunity/affirmative action employer. 


North Dakota State University. The Department 
of Electrical and Electronics aneetan at 
North Dakota State University invites applica 
tions for tenure-track faculty positions. Appli- 
cants should show evidence of teaching and re- 
search ability and match departmental goals. 
They must hold a Ph.D. or equivalent by Septem- 
ber 1, 1991 and communicate effectively in Eng- 
lish. Assistant professor level preferred. Duties 
will include undergraduate and graduate teach- 
ing, research, and service. The department cur- 


rently needs people in the following areas: (1) 
computer engineering (2) control systems, and 
(3) analog electronics. Exceptional applicants 
in other areas may also be considered. Appli- 
cations with resume along with the names, ad- 
dresses, phone numbers, and e-mail addresses 
(optional) of three references should be ad- 
dressed to Dr. Noel W. Anderson, Faculty 
Search Committee, Department of Electrical 
and Electronics Engineering, PO. Box 5285, 
North Dakota State University, Fargo, North 
Dakota 58105. Applications will be considered 
beginning December 1, 1990 and continuing un- 
til positions are filled. NDSU is an equal oppor- 
tunity institution. 


Chair in Photonic Systems. The Department of 
Electrical Engineering of McGill University is 
seeking an incumbent for a new Chair in Pho- 
tonic Systems. Bell Northern Research and 
Northern Telecom Ltd., together with McGill 
University, will be seeking support for this Chair 
from the Natural Sciences and Engineering Re- 
search Council (NSERC) of Canada, through 
their Industrial Research Chair (IRC) program. 
Since this program is based on peer review, the 
successful candidate must be an internation- 
ally recognized authority, preferably working at 
the interface between photonic devices and 
systems, with outstanding scientific and 
leadership qualities that can bring the Depart- 
ment of Electrical Engineering to the forefront 
of research in Photonic Systems. An important 
condition for achieving this goal is the appoin- 
tee’s ability to build up a strong academic pro- 
gram for both graduate and undergraduate stu- 
dents. The position carries a highly competitive 
salary, junior faculty positions specifically 
designated in Photonic Systems, necessary 
laboratory space and, above all, strong Univer- 
sity support for the above stated goals. Interest- 
ed candidates are invited to send their resume 
to: Professor N.C. Rumin, Chairman, Depart- 
ment of Electrical Engineering, McGill Univer- 
sity, 3480 University St., Montreal, QC, Canada, 
H3A 2A7. In accordance with Canadian Im- 
migration requirements, this advertisement is 
directed in the first instance to Canadian 
citizens and Permanent residents of Canada. 
Applications from others are welcomed, how- 
ever, consideration of their applications must 
be deferred until a Canadian search has been 
completed. 


Carnegie Mellon: The Departments of Engineer- 
ing and Public Policy and Electrical and Com- 
puter Engineering have a joint tenure track po- 
sition for teaching and research on technical 
and policy issues in telecommunications poli- 
cy; information policy; electronic industrial poli- 
cy; or international security policy. Require 
Ph.D. and demonstrated research skills. Re- 
quire policy aptitude and prefer demonstrated 
skills. Resume with references and writing sam- 
ple to Prof. M. Granger Morgan, Head, EPP, Car- 
negie Mellon University, Pittsburgh, PA 15213. 
EO/AA employer. ‘ 


Post Doctoral Fellowship: Department of Elec- 
trical and Computer Engineering, Ohio Univer- 
sity, is seeking a Post Doctoral Research As- 
sociate in Bipolar VLSI Circuit Simulation. Sal- 
ary range 20K to 24K US dollars for 12 months. 
Send resume and three letters of reference to: 
Dr. M. Ebrahim Mokari, Dept. ECE, Stocker Cen- 
ter, Ohio University, Athens, Ohio 45701. OU is 
an affirmative action/ equal opportunity em- 
ployer. 


San Diego State University (SDSU) invites appli- 
cations for a tenure-track position in the Depart- 
ment of Electrical and Computer Engineering. 
The primary areas of interest are Control Sys- 
tems and Power Systems. The position involves 
both research and teaching at the undergradu- 
ate and graduate levels. All levels of appoint- 
ment will be considered. A Ph.D. in Electrical 
Engineering or a related field is required. SDSU 
is one of the largest Universities in California, 
offering over 150 different degrees. The ECE 
Department offers BS and MS degrees in Elec- 
trical Engineering, and has an enrollment of 
about 800 undergraduate and 150 graduate stu- 
dents. Send resume, by February 20, 1991 to Dr. 
L.R. Marino, Chair, Department of Electrical and 
Computer Engineering, San Diego State Univer- 
sity, San Diego, California 92182-0190. San Die- 
Ke State University is an Equal Opportunity/Af- 
irmative Action/Title IX employer. 


University of Central Florida (UCF); The Electri- 


cal Engineering Department (32 Faculty; 820 un- 
dergraduates, 280 graduate students) has ten- 
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ure/tenure-track openings in Communications, 
Digital Signal Processing, Digital/Analog Elec- 
tronics, Electromagnetics, and Power, starting 
in the Fall of 1991. Rank and salary will be com- 
mensurate with qualifications. All applicants 
must have a Ph.D. at the time of employment 
and a strong commitment to teaching and re- 
search. Applications must be post-marked no 
later than February 1, 1991 and must be sent to: 
Dr. N.S. Tzannes, Chair, Electrical Engineering, 
University of Central Florida, Orlando, Florida 
32816. UCF is an equal opportunity/affirmative 
action employer. An an agency of the State of 
Florida, all application materials and selection 
procedures are available for public review. 


University of California, Davis Faculty Positions 
in Electrical Engineering and Computer 
Science. The Department of Electrical En- 
gineering and Computer Science at UC Davis in- 
vites applications for various tenure track po- 
sitions. The primary areas of interest are Com- 
puter Engineering and Microprocessor Applica- 
tion; Electronic Circuits; Image Processing and 
Computer Vision; and Optoelectronics. One po- 
sition in the area of image processing and one 
in the area of optoelectronics. One position in 
the area of image processing and one in the 
area of optoelectronics is open to all ranks. Oth- 
er positions are at the assistant professor lev- 
el. The department, with 53 faculty members 
and 180 full-time graduate students, is ex- 
periencing rapid growth. Our College is the na- 
tion’s sixteenth largest producer of engineering 
Ph.D.’s in a University which has the nineteenth 
largest extramural research funding. Salary and 
benefits are extremely attractive. Davis is a 
pleasant, family-oriented community near 
Sacramento, within easy driving distance to Sili- 
con Valley, the Lawrence Livermore National 
Laboratory, San Francisco, the Pacific Ocean, 
and the Sierra Nevada Mountains. We are seek- 
ing individuals with strong records of teaching 
and research and with ambitious plans. Senior 
anpee require outstanding records of 
achievement; junior appointments must show 
evidence of great promise. All faculty are ex- 
pected to have a strong commitment to teach- 
ing at all degree levels, and to demonstrate the 
ability to attract significant research support. 
The positions require a Ph.D. or equivalent, and 
are open until filled; but in order to assure con- 
sideration, applications should be received by 
March 1, 1991. Send aresume and the names of 
at least three references to: Professor S. Louis 
Hakimi, Chair, Attention: Faculty Search Com- 
mittee, Department of Electrical Engineering 
and Computer Science, University of California, 
Davis, CA 95616. The University of California, 
Davis, is an equal opportunity/affirmative action 
employer. 


Tennessee Technological University, Depart- 
ment of Electrical Engineering, invites applica- 
tions for a tenure-track faculty position. The in- 
dividual’s primary emphasis should be in VLSI 
design with a strong background in electronics 
and digital systems. Three state-supported 
Centers of Excellence within the College pro- 
vide a strong incentive for research. Candidates 
must have a Ph.D. in a relevant area and have 
abilities and interest in teaching at the under- 
graduate and graduate levels as well as con- 
ducting externally funded research in their area. 
Rank is negotiable but preference will be given 
to assistant professor. Screening process will 
begin February 15, 1991 and continue until 
filled. Submit resume and three references to 
Dr. G.M. Molen, Chairman, Electrical Engineer- 
ing Department, Tennessee Technological 
University, Cookeville, TN 38505. TTU is an af- 
firmative action/equal opportunity/TitlelX/Re- 
habilitation Act of 1973 employer. 


The Purdue University School of Engineering 
and Technology at Indianapolis invites applica- 
tions for several anticipated tenure-track posi- 
tions at the Assistant/Associate Professor lev- 
el in the areas of Computer Engineering and 
Signal ee Specific interests are in the 
areas of Medical Image Processing, Digital Sig- 
nal Processing and Neural Networks, Robotics 
and Intelligent Machines with Vision and Sen- 
sor Applications, Communications Systems 
and Software Engineering. Applicants must 
hold an earned Ph.D. in Electrical Engineering 
or Computer Engineering. The positions offer 
unique opportunities to develop new capabili- 
ties in the areas mentioned and require a strong 
Commitment to teaching at the graduate and 
undergraduate levels and to the development of 
sponsored research. The School is currently de- 
veloping interdisciplinary research efforts with 


CLASSIFIED ADVERTISING 


the Indiana University School of Medicine, the 
second largest medical school in the country. 
Rank and salary are highly competitive and 
based upon experience and qualifications. 
Send resume with names an addresses of three 
references by January 31, 1991 to: Dr. A.S.C.Sin- 
ha, Acting Chairman, Department of Electrical 
Engineering, Purdue University School of En- 
pireeane and Technology at Indianapolis, 1201 

ast 38th Street, AD 157, Indianapolis, IN 
46205-2868. The School of Engineering and 
Technology is one of the sixteen (16) schools of 
Indiana University-Purdue University at Indi- 
anapolis (IUPUI). IUPUI has an enrollment of 
over 28,500 students and 140 academic pro- 
grams. The School of Engineering and Technol- 
ogy is an equal opportunity/affirmative action 
employer. 


University of California at Berkeley—Faculty 
Positions In Control, Communications, and 
Low-Temperature Electronics, effective Fall Se- 
mester 1991, pending budgetary approval. The 
Department of Electrical Engineering and Com- 
puter Sciences at the University of California at 
Berkeley is currently seeking outstanding 
faculty candidates with research in the gener- 
al areas of: ( Nonconventional Computation 
for Control Systems. Areas of interest are 
application-specific computation systems 
where conventional computational techniques 
are inadequate such as encountered in large dy- 
namical optimization problems, large computer 
aided control systems design problems, dis- 
tributed real-time control systems or event driv- 
en dynamical systems. Candidates will be ex- 
pected to teach undergraduate and graduate 
courses in the areas of linear and nonlinear con- 
trol, optimization. (ii) Communication Systems. 
Areas of special interest include spread spec- 
trum techniques, radio networks, personal and 
cellular networks and optical networks. Candi- 
dates will be expected to teach undergraduate 
and graduate courses in communication theory 
and estimation. (iii) Superconductive Electron- 
ics. Candidates might have interests in super- 
conducting digital circuit design and/or device 
and fabrication technology for low and high- 
temperature superconductors. Candidates will 
be expected to teach undergraduate and gradu- 
ate courses in semiconducting or supercon- 
ducting devices, technology and/or circuits. Ap- 
pointments will only be made at the Assistant 
Professor level in a tenure-track position. An ap- 
plicant must have a doctoral degree or com- 
parable academic and industrial experience. In- 
terested persons should apply as soon as pos- 
sible and by February 28, 1991, to the Chairman 
at the address listed below, including a resume, 
copies of publications, a statement of interest, 
and names and addresses of references. Can- 
didates who applied earlier for positions (i) or 
(iii) should write reaffirming their interest, and 
may update their application, if desired. Profes- 
sor Paul Gray, Chairman, Department of Elec- 
trical Engineering and Computer Sciences, 
University of California, Berkeley, California 
94720. Telephone: (415) 642-0253. The Universi- 
ty of California is an Equal Opportunity, Affirm- 
ative Action Employer. 


The University of Kentucky invites applications 
for three tenure-track faculty positions in the 
Graduate Center for Biomedical Engineering. 
Areas of interest include signal/ image pro- 
cessing, control theory, instrumentation, bi- 
omechanics, and biomaterials. The candidates 
should have an on-going research program and 
a strong interest in teaching at the graduate lev- 
el. Rank and salary are commensurate with ex- 
perience. Applicants should submit a detailed 
curriculum vita with the names addresses of at 
least three references to: Search Committee, 
Center for Biomedical Engineering, Wenner 
Gren Research Laboratory, University of Ken- 
tucky, Lexington, KY 40506-0070. The deadline 
for applications is March 1, 1991. 


University of Minnesota, Duluth, Assistant 
Professor, Experimental Solid-State Physics. 
The Department of Physics at the Duluth cam- 
pus of the University of Minnesota invites ap- 
plications for a tenure-track assistant profes- 
sor position, for an experimental solid-state 
physicist, to begin September, 1991. Applicants 
should have a Ph.D. in physics or a related field 
and at least two years postdoctoral or equiva- 
lent experience. They should be committed to 
developing a strong research program as well 
as teaching graduate and undergraduate phys- 
ics courses. They should be prepared to super- 
vise master’s thesis research and provide proj- 
ects for undergraduate student research. 


Preference will be given to a physicist well 
versed in modern electronics whose research 
complements the department’s existing ex- 
perimental work in solid-state physics. Current 
activities involve photoreflectance studies of 
semiconductors and low-temperature scanning 
tunneling microscopy. Applicants should send 
curriculum vitae, and arrange to have three let- 
ters of recommendation sent, all prior to Febru- 
ary 28, 1991, to: Professor Thomas F. Jordan, 
University of Minnesota, Duluth, Department of 
Physics, Duluth, Minnesota 55812. The Univer- 
sity of Minnesota is an equal opportunity edu- 
cator and employer and specifically invites and 
encourages applications from women and 
minorities. 


The Department of Electrical Engineering at the 
University of California, Los Angeles is involved 
in a major expansion of its instructional and re- 
search facilities in a new engineering building. 
In addition, an expansion is planned in tenure 
track faculty positions. Applications are being 
accepted in the following areas of expertise: 
Optoelectronics, Optical Signal Processing, 
Microwave and Millimeter Wave Electronics, 
Electromagnetics, VLSI Systems, Integrated 
Circuits and Signal Processing, Coding/Modu- 
lation/Digital Communication and Data and Im- 
age Compression. Applicants should have a 
PhD and an outstanding research record in their 
expertise. Application letters should be mailed 
to Professor Nicolaos G. Alexopoulos, Chair- 
man, Electrical Engineering Department, UCLA, 
58-121 Engr. IV, 405 Hilgard Ave., Los Angeles, 
CA 90024-1594. UCLA is an Equal Opportunity 
Affirmative Action Employer. 


Stanford University invites applications for a 
senior, tenure line faculty member in manufac- 
turing. We are looking for an individual who can 
provide leadership in the development of 
manufacturing research and teaching. Ex- 
perience and accomplishments in the academ- 
ic world must be of such an extent and quality 
that would qualify the individual for appoint- 
ment to achaired position. The individual would 
participate in teaching and research activities 
associated with the programs in manufactur- 
ing. In addition, he or she would be expected to 
play a key leadership role in the School of En- 
gineering’s manufacturing activities and in the 
Stanford Integrated Manufacturing Associa- 
tion. A background that would allow the in- 
dividual to span manufacturing technology and 
manufacturing management would be desira- 
ble. The position, as now defined, is in the 
School of Engineering; however, there is the 
possibility of an appropriate joint appointment 
with the Graduate School of Business, and the 
search committee is made up of faculty from 
both schools. Stanford University is an affirm- 
ative action employer and welcomes applica- 
tions from women and ethnic minority candi- 
dates. Applications should be submitted before 
February 1, 1991, to the Chairman of the 
Manufacturing Leadership Search Committee, 
SIMA, School of Engineering, Building 530, 
Stanford University, Stanford, CA 94305-4028. 


University of Notre Dame, Chairperson, Depart- 
ment of Computer Science and Engineering. 
The University of Notre Dame invites applica- 
tions for the Chair of the recently established 
Department of Computer Science and En- 
gineering in the College of Engineering. This 
position is a unique opportunity to provide sig- 
nificant input in establishing direction for the 
initiation and growth of programs in this depart- 
ment. Persons with established records in edu- 
cation and scholarship who would welcome the 
challenge of developing a new department and 
its programs are encouraged to apply. The 
faculty of the department is expected to deter- 
mine the curricula leading to graduate and un- 
dergraduate degrees in computer science and 
in computer engineering. The Department of 
Computer Science and Engineering has twelve 
tenure-track faculty positions. The Department 
of Electrical Engineering and its present gradu- 
ate and undergraduate options of emphasis in 
computer engineering are expected to provide 
the foundation for the programs in the new 
department. It is anticipated that the Depart- 
ment of Computer Science and Engineering will 
have close cooperative ties with the Depart- 
ment of Electrical Engineering, Department of 
Mathematics, and other academic units. Quali- 
fied applicants are encouraged to submit a re- 
sume and letter of interest to: Dr. Panos J. Ant- 
saklis, Department of Electrical Engineering, 
University of Notre Dame, Notre Dame, IL 46556. 
For additional information, please contact the 
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Dean’s office at (219) 239-5534. The University 
of Notre Dame invites applications from all 
qualified persons without regard to sex, ethnic 
origin, religious preference or physical im- 
pairment. 


Stanford University: The Mechanical Engineer- 
ing Design Division invites applications for a 
tenure-track position in programmable-electro- 
mechanical-systems design. The appointment 
is available at the assistant professorship lev- 
el. The successful candidate will have demon- 
strated a creative achievement record in the 
practice of design and/or the study of design 
theory and methodology. Particular attention 
will be given to qualifications required for a 
leadership position in Stanford’s Smart Product 
Design curriculum (mechatronics). Concern for 
human values, aesthetics, and interdisciplinary 
collaboration will be welcome. Industrial ex- 
perience is desirable. A research program plan 
is essential. Please send a letter of introduc- 
tion, resume and exemplary material to Profes- 
sor Larry Leifer, Design Division, Mechanical 
Engineering, Stanford University, Stanford, CA 
94305-4021. Stanford is an equal opportunity/af- 
firmative action employer. 


Electrical Engineering Faculty. The School of 
Science & Engineering invites applications 
from individuals who have a strong interest in 
teaching graduate and undergraduate courses, 
conducting research, and interacting with in- 
dustry to join its expanding electrical engineer- 
ing program. The School, known for its strong 
design and application components, houses ex- 
ceptionally attractive state-of-the-art facilities. 
New laboratories for CAD/CAE, Hybrid Microe- 
lectronic, Thick & Thin films, Microwaves & An- 
tennas, and a new computer center have just 
been completed. Candidates should have a sol- 
id engineering background. Preferred areas of 
interest are: Computer Engineering and Analog 
and Digital Electronics. Experience with en- 
gineering design software packages is very im- 
portant. Ample opportunities are available for 
professional growth and interaction with an ac- 
tive and collegiate faculty supervising a varie- 
ty of funded projects. Wilkes is in close proximi- 
ty to the industrial and cultural centers of Bos- 
ton, New York, Philadelphia, and Washington, 
D.C., and has well established working relation- 
ship with the local industries. Faculty members 
are encouraged to establish strong ties with in- 
dustry and national laboratories. The location 
is also close to the recreational facilities of the 
Pocono Mountains. Candidates for the posi- 
tions should have an earned Ph.D. or be in the 
final stages of the degree. A complete resume 
(include citizenship or visa status and three 
references) should be submitted to: Dr. Brian 
Redmond, Associate Dean, School of Science 
& Engineering, Wilkes University, Wilkes-Barre, 
PA 18766. Women and Minorities are en- 
couraged to apply. AA/EEO. 


Faculty Position in Statistics And Engineering. 
Tenure track position in Statistics and Engineer- 
ing, lowa State University. This new position will 
be a joint appointment between the ISU Statis- 
tics Department and an appropriate depart- 
ment in the ISU College of Engineering. Duties 
will include interdisciplinary teaching and re- 
search. A Ph.D. in either Statistics or Engineer- 
ing, and interest in both areas is required. 
Degrees in both Statistics and encore pre- 
ferred. Previous teaching, consulting and/or in- 
dustrial experience is also desirable. Some 
preference will be given to candidates with 
Electrical or Mechanical Engineering back- 
ground. A letter of application, resume and 
three letters of reference should be sent directly 
to: Professor Steve Vardeman, Co-Chair, Statis- 
tics and Engineering Faculty Search Commit- 
tee, Department of Statistics, lowa State Univer- 
sity, Ames, lowa 50011. Recent Ph.D’s should 
also include graduate and undergraduate tran- 
scripts. 


Electrical Engineers, Louisiana State Univer- 
sity-CAMD. The J. Bennett Johnston, Sr. Center 
for Advanced Microstructures and Devices 
(CAMD) at LSU seeks one Senior and one Jun- 
ior Electrical Engineer. Requires B.S. in Electri- 
cal Engineering; experience in the areas of high 
current DC power supplies, CW and pulsed klys- 
tron systems, pulsed high voltage power sup- 
plies; experience with modern diagnostics 
equipment, like spectrum and network analyz- 
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ers. Knowledge in the design, fabrication and 
commissioning of digital and analog electrical 
and electronic systems is desired. A letter of ap- 
plication, a resume, and three references 
should be sent to: Dr. B.C. Craft, The J. Bennett 
Johnston, Sr. Center for Advanced Microstruc- 
tures and Devices, Louisiana State University, 
3990 West Lakeshore Drive, Baton Rouge, LA 
70803. The deadline for Seon is Febru- 
ary 1, 1991. LSU is an Equal Opportunity 
University. 


Drexel Fellowships In Biomedical Engineering 
And Science. Drexel Fellowships in Biomedical 
Engineering and Science are supported by the 
Calhoun Endowment. Students can specialize 
in the following areas: artificial organs, bioin- 
strumentation, biomedical imaging and signal 
processing, biomedical science, biomaterials, 
biomedical systems and control, cardiovascu- 
lar dynamics, diagnostic ultrasound, sensors 
and electrodes, biomechanics and rehabilita- 
tion. Each Fellowship includes a minimum sti- 
pend of $10,000 for a 12 month appointment be- 
ginning Fall, 1991. With a waiver of all tuition 
and fees this award is worth approximately 
$22,000. Deadline for application is February 28, 
1991. For application write: Dr. Dov Jaron, Direc- 
tor, Biomedical Engineering and Science Insti- 
tute, Drexel University, Philadelphia, PA 19104. 


California Institute of Technology. The Compu- 
tation and Neural Systems (CNS) program at 
Caltech is conducting a search for a tenure- 
track Assistant Professor on the engineering 
side of CNS, for which the term of initial ap- 
pointment is normally four years. CNS is an in- 
terdisciplinary Ph.D. program established in 
1986 that brings together engineers and scien- 
tists who are applying ideas from neurobiolo- 
gy to the development of new computational 
devices and systems and biologists who are in- 
vestigating how computation is done in the ner- 
vous system. Areas of interest include Motor 
Control, Learning, Speech, Vision and Artificial 
Neural Networks. The appointee will be expect- 


ed to develop a strong research activity, and to. 


teach courses in his or her specialty. Applicants 
should send aresume, including list of publica- 
tions, a brief statement of research accomplish- 
ments and goals, and the names of at least 
three references to Professor Y. Abu-Mostafa, 
Caltech 116-81, Pasadena, CA 91125. Caltech is 
an equal-opportunity employer and it specifi- 
cally encourages women and minorities to 
apply. 


Purdue University School of Electrical En- 

ineering invites applications for tenure-track 
aculty positions at all ranks. Primary need is 
for faculty with specialization in the areas of 
computers, microelectronics, and optics; but all 
specialties will be considered. Responsibilities 
will include both teaching and research. Sala- 
ry is commensurate with qualifications and ex- 
perience. Applicants must possess a doctorate 
degree. Send a resume, including a statement 
of teaching and research interests and a list of 
three (3) references, to: Head, School of Electri- 
cal Engineering, Purdue University, West 
Lafayette, IN 47907. Purdue University is an 
Equal Opportunity/Affirmative Action employer. 


The Swiss Federal Institute of Technology (ETH 
Zurich) invites applications for a faculty posi- 
tion in Electronics. Duties associated with the 
position include research in the field of elec- 
tronic circuit design and teaching at under- 
graduate and graduate levels. Of particular in- 
terest are analog devices, the design of analog 
circuits and A/D converters and their applica- 
tion, e.g. in the metrology and sensor technol- 
ogy. The candidate should have profound ex- 
perience in engineering and research in the 
area of integrated circuits design, modeling and 
related simulation tools. Cooperation in teach- 
ing and research with other colleagues in the 
Department of Electrical Engineering as well as 
with manufacturers of integrated circuits is 
also expected. Applications including curricu- 
lum vitae, a short description of research in- 
terests as well as a list of publications and pa- 
tents etc. should be submitted before January 
31, 1991, to Prof. Dr. J. Nuesch, President of ETH 
Zurich, ETH-Zentrum, CH-8092 Zurich. 


Electrical/ Computer Faculty Positions. The 
Department of Electrical and Computer En- 
gineering at LSU invites applications for antic- 


ipated tenure-track and visiting faculty posi- 
tions available August 1991 in the following 
areas: electric energy systems, including pow- 
er electronics; solid state electronics; systems, 
including automatic control, communications 
and signal processing; and computers, includ- 
ing microprocessors, distributed processing 
systems and special purpose architectures. A 
PhD or equivalent and potential for excellence 
in teaching and research are necessary. Rank 
is open. Salary is competitive and commen- 
surate with qualifications and experience. Re- 
lease time and resources are provided in order 
to enhance the development of a quality re- 
search program. Opportunities for summer sup- 
port are available. Send resume, names of three 
references, a statement of teaching and re- 
search interests, and verification of employ- 
ment eligibility in compliance with the Immigra- 
tion Reform and Control Act of 1986 to: Alan H. 
Marshak, Chairman, Electrical and Computer 
Engineering, Louisiana State University, Baton 
Rouge, LA 70803-5901. LSU is an Equal Oppor- 
tunity Employer. 


University Of California at Berkeley. Faculty po- 
sition in Microelectronics effective Fall Semes- 
ter 1991, pending budgetary approval. The 
Department of Electrical Engineering and Com- 
puter Sciences at the University of California at 
Berkeley is currently seeking outstanding 
faculty candidates with research in the gener- 
al area of Microelectronic Circuits. Candidates 
might have interests in VLSI circuits for analog 
and digital signal processing, analog/ digital 
conversion, wideband communications, sensor 
and transducer interfaces, high speed digital 
processing, and related areas. Candidates will 
be expected to teach undergraduate and gradu- 
ate courses in the area of electronic circuits. Ex- 
perience in industry is desirable. Preference will 
be given to appointment at the Assistant 
Professor level in a tenure-track position, but 
appointment at the tenure level may be possi- 
ble for an exceptionally qualified and ex- 
perienced candidate. All applicants must have 
a doctoral degree or comparable academic and 
industrial experience. Interested persons 
should apply as soon as possible and by Febru- 
ary 28, 1991, to the Chairman at the address list- 
ed below, including a resume, copies of publi- 
cations, a statement of interest and names and 
addresses of references. Professor Paul Gray, 
Chairman, Department of Electrical Engineer- 
ing and Computer Sciences, University of 
California, Berkeley, California 94720. Tele- 
phone: (415) 642-0253. The University of Califor- 
nia is an Equal Opportunity, Affirmative Action 
Employer. 


Electrical/Controls Engineer. The University of 
lowa Physical Plant is looking for a plant en- 
gineer with the skills and experience to perform 
engineering work for the repair and modifica- 
tion of campus utilities and buildings including: 
production and distribution of steam, electric- 
ity, and chilled water; energy management sys- 
tems; building heating ventilation and air con- 
ditioning systems and their controls. The Plant 
Electrical/Controls Engineer requires: three to 
five years of Electrical/Controls engineering ex- 
perience in one or more of the areas listed 
above; a college degree in engineering or 
equivalent experience and education; knowl- 
edge of buildings and national electrical codes; 
design ability in direct digital HVAC control sys- 
tems; remote electronic energy metering and 
DDC boiler controls. This position requires 
good interpersonal skills, including tact, flexi- 
bility, and both oral and written communica- 
tions. The University of lowa is a nationally 
recognized learning and research center. This 
Big Ten University, with over 11 million GSF of 
buildings, and an extensive utilities infrastruc- 
ture, is located along the lowa River in an attrac- 
tive community. Interested candidates should 
send a letter of application and a resume to Jon 
H. McLeod, University of lowa Physical Plant, 
103 W. Burlington, lowa City, [A 52242. Applica- 
tions will be accepted until the position is filled. 
The University is an affirmative action/equal op- 
portunity employer. 


Title: Assistant Research Engineer. As Assis- 
tant Research Engineer, participate in a DOE- 
funded fusion reactor research project focus- 
ing on environmental, safety and economic 
aspects of fusion reactor design; including ex- 
tensive computer calculations of radioactive in- 
ventories in various reactor designs, calcula- 
tions of dose, safety analysis, waste manage- 
ment assessment, and data management to ap- 
ply this information to future designs. Duties 
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include assisting Principal Investigator in 
managing the research group. Qualifications 
Required: A Ph.D. degree or equivalent in Nucle- 
ar Engineering or related field, and demonstrat- 
ed competence with large scale computer cal- 
culations. Direct research experience in the 
areas of environmental safety, and economic 
aspects of fusion reactors is preferred. Salary 
Range: $51,300 to $64,400/year, depending on 
qualifications. Approximate Starting Date: 
January 15, 1991. Application Deadline: Decem- 
ber 31, 1990 or 30 days from publication date, 
whichever is later. Apply to: Send curriculum vi- 
tae and name/address of three references to: Dr. 
T.K. Fowler, Chair, University of California, Ber- 
keley, Department of Nuclear Engineering, 4153 
Etcheverry Hall, Berkeley, California 94720. Tel- 
ephone: (415) 642-5010. The University of 
California is an equal opportunity, affirmative 
action employer. 


Dean, College of Engineering, The University of 
South Alabama. The University of South Ala- 
bama College of Engineering invites applica- 
tions and nominations for the position of Dean 
of the College of Engineering. The College of 
Engineering consists of 30 faculty members in 
four departments: Chemical, Civil, Electrical 
and Mechanical. The College offers under- 
graduate programs in each of those disciplines 
and Master’s programs in ChE, EE and ME. The 
College enrollment is approximately 1100 stu- 
dents. The University of South Alabama is a 25 
year old, state supported institution in Mobile, 
a mid-sized, historic city thirty miles from the 
white sand beaches of the Gulf of Mexico. Mo- 
bile serves as the commercial, medical and 
educational center for the region. The Univer- 
sity of South Alabama enrollment is approxi- 
mately 12,000 and degrees are awarded at the 
Baccalaureate, Master’s, M.D. and Ph.D. levels. 
The University is a primary contributor to the 
region’s quality of life and economic vitality. 
The Dean of the College of Engineering pro- 
vides the academic, administrative and intellec- 
tual leadership for the College and reports 
directly to the Vice President for Academic Af- 
fairs. The Dean is responsible for maintaining 
and developing all aspects of the College’s in- 
structional, research and service programs. 
Qualifications: Candidates must meet the fol- 
lowing requirements: 1. A record of teaching 
and scholarship commensurate with the ap- 

ointment as a full professor in a department 
in the college. 2. Commitment to engineering 
education including excellence in teaching and 
scholarly activity. 3. Demonstrated leadership 
and successful academic administrative ex- 
perience. 4. Ability to work and communicate ef- 
fectively with students, faculty, administrators 
and external constituencies. Appointment ef- 
fective no later than September, 1991. Salary is 
competitive. Application deadline is Februar’ 
1, 1991. Send curriculum vitae and names, ad- 
dresses and telephone numbers of three refer- 
ences to: Dr. Wilford D. Raburn, Chairman 
Search Committee, Department of Electrical 
Engineering, University of South Alabama, Mo- 
bile, AL 36688. PH: (205) 460-6117. The Universi- 
ty of South Alabama is an Affirmative Action/ 
Equal Opportunity Employer. 


Department of Systems Engineering, Universi- 
ty of Virginia. Applications are invited for 
tenure-track appointments at all professorial 
levels in the Department of Systems Engineer- 
ing. Positions may become available as early as 
January 1991. Applicants should have an inter- 
disciplinary orientation with strong research 
and teaching interests, particularly in quantita- 
tive methods. Research experience or ademon- 
strated potential in one or more of the follow- 
ing areas is desirable: combinatorial optimiza- 
tion, heuristic search, decision aiding, machine 
learning, and uncertain approximate reasoning. 
The positions offer teaching opportunities at 
the undergraduate, masters, and Ph.D. levels. 
Currently the department enrolls approximate- 
ly 220 undergraduates and 60 graduate stu- 
dents. The faculty is highly active in contem- 
porary research issues dealing with knowledge- 
based systems, decision and control theory, op- 
timization and search, applied probability, and 
statistics, discrete event dynamic systems, 
simulation, and engineering management. The 
department takes a strongly analytic approach 
often with a mission orientation in its research. 
Send resume, and the names, addresses and 
telephone numbers of at least three references 
to Professor Furman W. Barton, Chairman, 
Department of Systems Engineering, Universi- 
ty of Virginia, Charlottesville, VA 22903 as soon 
as possible but by 1 February 1991 at the latest 
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for a September 1991 appointment. The Univer- 
sity of Virginia is an Equal Opportunity, Affirm- 
ative Action Employer. 


The School of Engineering Science at Simon 
Fraser University invites applications for a 
tenure-track faculty position in Microelectron- 
ic Sensors and Actuators. The position requires 
dedicated teaching at both the graduate and 
undergraduate levels, as well as strong re- 
search abilities. The candidate will hold an 
earned Ph.D. in Microelectronics or Microelec- 
tronic Sensors and have expertise in the current 
technology of Silicon Micromachining. An out- 
standing research potential and demonstrated 
research capability in one or more of-the follow- 
ing areas is required: design of analog and dig- 
ital integrated circuits using CMOS technology; 
fabrication of semiconductor devices including 
integrated sensors and actuators; VLSI materi- 
als and devices; VLSI system design, modelling, 
simulation and verification. The candidate 
should be well versed with CMOS IC design us- 
ing “silicon foundry” facilities. Engineering 
Science provides an exciting educational en- 
vironment demanding high academic stan- 
dards of its students. Local industry offers 
many opportunities for faculty research and 
strong industrial links are characteristic of the 
program. This academic environment is 
balanced by the natural and cultural ambience 
of one of the most attractive cities in North 
America. Moreover, the university itself enjoys 
a spectacular mountaintop setting, a short 
drive from downtown Vancouver. This advertise- 
ment is directed to people who are eligible for 
employment in Canada at the time of applica- 
tion. Applications from candidates not present- 
ly eligible for employment in Canada are wel- 
comed but consideration of such candidates 
must be deferred until a Canadian search is 
complete. Positions are subject to budgetary 
authorization. To apply, send a curriculum vitae 
and the names of three references to Dr. James 
K. Cavers, Director, School of Engineerin 
Science, Simon Fraser University, Burnaby, B.C. 
V5A 186, Canada. Simon Fraser University is 
committed to the principle of equity in employ- 
ment and offers equal employment opportuni- 
ties to qualified applicants. 


The Center for Advanced Computer Studies. 
The Center is seeking qualified candidates for 
tenure track research faculty positions in Com- 
puter Science/Engineering, beginning Fall 1991. 
Associate Professor and Professor candidates 
must hold PhDs in the field, and have estab- 
lished research publications and grant records. 
Exceptional Assistant Professor candidates 
will also be considered, must hold Ph.Ds in the 
field, and must have strong research potential. 
Consideration will be given to all qualified can- 
didates, but preference areas of interest are: 
software engineering, computer networks, 
operating systems, databases, computer ar- 
chitecture, artificial intelligence, and theoreti- 
cal computer science. The Center conducts pro- 
grams leading to the MS/PhD degrees in Com- 
puter Science and Computer Engineering. 
These programs currently enroll 210 students, 
with approximately 100 declared PhD candi- 
dates. A large number of PhD fellowships and 
assistantships are available, with stipends of 
up to $18,000 per year, up to 4 years. Typical 
faculty teaching load is 2 courses per year and 
a continuing research seminar, with solid trav- 
el support. Substantial State Educational Fund 
monies are available to establish research pro- 
grams. The University is located in Acadiana, a 
short distance West of New Orleans. Send re- 
sumes to: Dr. Michael C. Mulder, Director, The 
Center for Advanced Computer Studies, Univer- 
sity of SW Louisiana, PO. Box 44830, Lafayette, 
LA 70504; email: cathy @cacs.usl.edu. Review 
of applications will begin February 1991. The 
University of SW Louisiana is an affirmative ac- 
tion/equal employer. 


Chairperson, Department of Electrical En- 
ee Howard University, Washington, DC. 

pplications and nominations are being 
received for the position of Chairperson in the 
Department of Electrical Engineering at 
Howard University in the Fall, 1991. The depart- 
ment is ABET accredited and offers BS, MS and 
Ph.D. degrees with areas of concentration in 
Energy Systems and Controls, Communica- 
tions, Solid State, Digital Systems, and Micro- 
waves to approximately 400 undergraduate and 
65 graduate students. The department has 
several research facilities including Solid State, 
Energy Systems, Digital and Signal Processing 
Laboratories and 18 full-time faculty members. 


Qualifications: A doctorate degree in electrical 
engineering, experience as a faculty member 
(at least associate professor level) in an ABET 
accredited EE program and departmental ad- 
ministration, interest in quality undergraduate 
and graduate programs, research, and fostering 
of extramural funding research, continued de- 
velopment of the university community, recruit- 
ing of new faculty members and students, and 
strong leadership with a commitment to excel- 
lence. Howard University is an equal opportu- 
nity employer. Send resumes and three refer- 
ences, including telephone numbers by March 
10, 1991 to: Howard University, The Chairman 
Search Committee, Department of Electrical 
Engineering, Washington, D.C. 20059. 


University of Wisconsin-Platteville. The Depart- 
ment of Electrical Engineering anticipates two 
openings and invites applications for tenure 
track faculty positions at the assistant/associ- 
ate professor level. A strong commitment to un- 
dergraduate engineering education is essen- 
tial. Professional development including re- 
search is encouraged. Qualifications required 
are a Ph.D. in electrical engineering or a 
master’s degree and significant industrial ex- 
perience. One position is in the control area and 
is available Spring 1991. The other is in the dig- 
ital/computer area and is available Fall 1991. 
The ideal candidate for the control area posi- 
tion would also have some background in pow- 
er engineering. Located in southwest Wiscon- 
sin, Platteville provides a small town environ- 
ment with the convenience of two urban areas 
close by. Send resume and references to Dr. 
Richard Shultz, Chairman, Electrical Engineer- 
ing Department, University of Wisconsin- 
Platteville, 1 University Plaza, Platteville, WI 
53818-3099. An equal opportunity/ affirmative 
action employer. 


Electrical Engineering: Tenure track position 
available July 1, 1991 at the assistant professor 
level (higher rank considered based on ex- 
perience). We are looking for someone with a 
background in power systems and/or elec- 
tromechanical energy conversion. A strong 
commitment to undergraduate teaching is es- 
sential as is a desire to become involved in our 
broad-based lab oriented curriculum. Ph.D. pre- 
ferred but will consider M.S. with significant 
relevant experience. U.S. citizenship or perma- 
nent residency strongly preferred. Norwich 
University is located in an area of central Ver- 
mont that offers small-town or rural living with 
good schools and outstanding recreational op- 
portunities. Send resume and references to: 
Prof. William Till, Chairman, Dept. of Electrical 
Engineering, Norwich University, Northfield, VT 
05663. Position open until filled. EOE, women 
encouraged to apply. 


Scripps Institution of Oceanography invites ap- 
plications for a postgraduate researcher in dig- 
ital image analysis/remote sensing, for up to 
two years with the possibility of extension, be- 
ginning 1 May 1991 or soon thereafter. The po- 
sition will involve the development and use of 
digital image analysis methods to study ge- 
ophysical processes observed from earth- 
observing spacecraft. A Ph.D. or equivalent de- 
gree in computer science, electrical engineer- 
ing, remote-sensing, or a related field is re- 
quired. Knowledge of UNIX, C, and experience 
with digital image analysis/signal processing 
techniques is desirable. Salary ranges from 
$29,844 to $31,212, commensurate with ex- 
perience. Applicants should submit a curricu- 
lum vitae, including the names of at least three 
references, to: University of California, San Die- 
go, Chairperson, Search Committee, Scripps In- 
stitution of Oceanography 0230, La Jolla, CA 
92093-0230, by 1 February 1991. The University 
of California, San Diego is an Equal Opportu- 
nity/Affirmative Action Employer. 


Faculty. Department of Electrical and Computer 
Engineering, Florida International University, A 
State University of Florida at Miami. Nomina- 
tions and applications are invited for senior ten- 
ure track faculty positions in microelectronics, 
computer engineering, and electrical engineer- 
ing. The Department of Electrical and Computer 
Engineering at F..U. is relatively new (1982), has 
16 faculty, 400 students, offers B.S. (accredited) 
and M.S. degrees in both electrical and com- 
puter engineering, (Ph.D. is in planning), and is 
now housed in our new building (95,000 sq. ft.). 
Qualifications: Earned doctorate with a strong 
record of funded research, preferably from 
government agencies, desire to direct and as- 
sist young faculty in obtaining funded research. 
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Also evidence of substantial good experience 
in other scholarly areas, including publications 
and teaching. Rank and salary are commen- 
surate with qualifications and experience. Ap- 
plications and Dates: All applications received 
prior to February 7, 1991, will receive full con- 
sideration. The positions will be available start- 
ing August, 1991. U.S. citizens or lawfully autho- 
rized alien workers should send a letter ad- 
dressing the qualifications above, a resume, 
and three references (names) to: Dr. Wunnava 
V. Subbarao, Chair, Search and Screen Commit- 
tee, Department of Electrical and Computer En- 
gineering, Florida International University, Mi- 
ami, FL 33199. Florida International University 
is a state university located in two suburban 
areas in Miami with over 22,000 students, of 
which 1,400 are enrolled in the College of En- 
gineering and Design. The School of Engineer- 
ing has four departments: Electrical and Com- 
puter, Civil, Mechanical, and Industrial En- 
gineering and is an Equal Opportunity/Equal Ac- 
cess Employer and Institution. 


Carnegie Mellon International Peace and Secu- 
rity: Candidates with strong backgrounds in en- 

ineering or the physical sciences are sought 
or a tenure track faculty position in the Depart- 
ment of Engineering and Public Policy (and per- 
haps a second technical department) to teach 
and do research on problems in arms control 
and international security policy in which tech- 
nical issues are of central importance. Send re- 
sume, references, and sample papers to Prof. 
Granger Moran, Head, EPP, Carnegie Mellon, 
Pittsburgh, PA 15213. 


Penn State, College of Engineering: A New Cen- 
ter for Teaching Innovation. The College of En- 
ged invites applications and nominations 
or the Director of the Leonhard Center for In- 
novation and Enhancement of Engineering Edu- 
cation. The Center will assist the College in de- 
veloping: innovation for more effective teach- 
ing and learning; Leadership and communica- 
tion skills in students; Student interest in 
careers in teaching and research. The Leonhard 
Center was recently established through a de- 
ferred gift from Mr. William Leonhard, retired 
Chairman and CEO of the Parsons Corporation 
in Pasadena, California. He is a distinguished 
Penn State alumnus and a member of the Na- 
tional Academy of Engineering. The Director 
who should have academic credentials for a 
faculty position and a background in engineer- 
ing and pedagogy, should have an intense in- 
terest in teaching and learning and should be 
innovative. The Director will report directly to 
the Dean and will work closely with faculty, 
staff and students. The Director should pos- 
sess good organizational and interpersonal 
skills and have a strong entrepreneurial spirit. 
The position will be filled as soon as the suc- 
cessful candidate is available. Nominations 
and applications, including curriculum vitae, 
received by February 28, 1991, will be assured 
of consideration. However, applications will be 
considered until position is filled. Inquiries and 
applications should be directed to: Carl H. Wol- 

emuth, Chairman, Leonhard Center Director 

earch Committee, Box IEEE, 101 Hammond 
Building, University Park, PA 16802. An Affirm- 
ative Action/Equal Opportunity Employer. Wom- 
en and Minorities Encouraged to Apply. 


Post-Doctoral Fellow and Ph.D. Students—The 
Communication Sciences Laboratory at Simon 
Fraser University in Greater Vancouver has a 
post-doctoral opening and full financial support 
for Ph.D. students for research in joint speech 
and channel coding for digital mobile commu- 
nications. Candidates applying for the post- 
doctoral position must have extensive research 
experience in at least one of the following 
areas: speech coding, channel coding and 
modulation, and mobile communications. Can- 
didates applying as doctoral students should 
have a Masters Degree from a recognized 
university, and have relevant experience in the 
general area of digital communication and sig- 
nal processing. To apply, please send aresume, 
with names and addresses of three referees to 
Dr. Paul Ho (re: adv), School of Engineering 
Science, Simon Fraser University, Burnaby, B.C., 
Canada, V5A 1S6. 


Rice University Department of Electrical and 


Computer Engineering invites applications for 
faculty positions in the areas of robotics, sig- 
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nal processing, and computer systems. Appli- 
cants in the area of robotics should be interest- 
ed in space or undersea applications and be 
able to lead a robotics laboratory. Applicants in 
signal processing should have a background in 
basic signal and systems with interests in im- 
age and multidimensional processing. Appli- 
cants in the computer systems area should 
have interests in the general areas of computer 
architecture, operating systems, and parallel 
computing. Outstanding applicants working in 
related areas will also be considered. Rice 
University is a small, private university with a 
long history of excellence in both research and 
teaching. It is located in Houston, Texas, aclean 
modern city with affordable housing and excel- 
lent fine arts. The Department of Electrical and 
Computer Engineering has close ties with the 
Computer Science Department, Mathematical 
Sciences Dept. and the Mechanical Engineer- 
ing Department, all being in the School of En- 
gineering. The Robotics Laboratory has excel- 
lent facilities and research ties with NASA as 
well as other groups. The Computer Systems 
Laboratory provides research focus in com- 
puter architecture, operating systems, parallel 
algorithms, software, performance evaluation, 
VLSI design, and other related areas. The Sig- 
nal Processing Group has a long history of re- 
search in algorithms, filter design, statistical 
signal processing, and biomedical applica- 
tions. Rice has an NSF funded Science and 
Technology Center for Research on Parallel 
Computation that provides facilities and coor- 
dination for all groups. Applicants should sub- 
mit their resume, a summary of their research 
accomplishments, and the names of at least 
three references to the Chairman of the Depart- 
ment of Electrical and Computer Engineering, 
Rice University, RO. Box 1892, Houston, TX 
77251-1892. Rice University is an equal oppor- 
tunity/affirmative action employer. 


University of Arkansas, Electrical Engineering 
Faculty Position. The Department of Electrical 
Engineering, University of Arkansas, has a 
faculty position available August 1991 in the 


area of microprocessors/microcontrollers/DSP . 


hardware. Applicants must have an earned doc- 
torate. Duties include undergraduate and 
graduate teaching and research. Send applica- 
tions including a list of references to Head, 
Department of Electrical Engineering, Univer- 
sity of Arkansas, Bell Engineering Center 3217, 
Fayetteville, Arkansas 72701. Applicants must 
have proof of legal authority to work in the Unit- 
ed States. The University is an Equal Opportu- 
nity/Affirmative Action Employer. 


Electrical Engineering/ Electro-Optics: The 
University of Dayton invites applications for a 
tenure-track faculty position. The Department 
of Electrical Engineering is seeking an individu- 
al with an earned doctorate to teach and per- 
form research in the areas of electrical en- 
gineering and electro-optics, ideally with an em- 
phasis on systems. The Department currently 
offers the bachelors, masters and doctorate 
degrees in electrical engineering and is in- 
volved with an established cross disciplinary 
electro-optics masters degree program which 
was chosen seven years ago by the university 
to be an area of excellence. Teaching duties 
would be at the undergraduate and graduate 
levels. Also, it is anticipated that the applicant 
will be capable of contributing to established 
long-term, sponsored electro-optics research 
programs of national prominence. US. citizen- 
ship or permanent residency is preferred. Sal- 
ary and starting date are negotiable with the 
latest starting date being August 16, 1991. Send 
vita and the names and addresses of three 
references to: Dr. Don Moon, Chairman, EE 
Dept., University of Dayton, 300 College Park, 
Dayton, OH 45469-0226. UD is an EEO/AA Em- 
ployer. 


Biomedical Engineer. The new Department of 
Biomedical Engineering at the University of Ten- 
nessee, Memphis is seeking to fill a tenure- 
track faculty position in the area of biomedical 
modelling at the assistant or associate profes- 
sor level. In addition to teaching and research 
in the Department, the successful candidate 
will serve as acore faculty member in The Cen- 
ter for Pediatric Pharmacokinetics and Ther- 
apeutics, one of three centers of excellence 
designated for the UT Memphis campus. Addi- 
tional opportunities for collaboration exist in 


areas such as pharmacodynamic modelling, 
nuclear medicine imaging, binding of cardiac 
antiarrhythmic drugs, and pharmacokinetics of 
anticancer drugs. In addition to an earned doc- 
torate in biomedical engineering, biomathemat- 
ics, or a related field, it is anticipated that the 
successful candidate will either have demon- 
strated experience in pharmacokinetic and 
pharmacodynamic modelling or will have for- 
mal training and expertise in advanced tech- 
niques for modelling, estimating and control of 
complex systems, and a genuine interest in 
pharmacokinetics. Interested applicants 
should send a CV and the names of three refer- 
ences to Jack Buchanan, MSEE, MD, Associate 
Professor and Chair of Search Committee, 
Department of Biomedical Engineering, 801 
Baptist Hospital, 899 Madison Avenue, Mem- 
phis, TN 38163. Telephone (901) 528-7099. The 
closing date for receiving applications is Febru- 
ary 28, 1991; however, the University reserves 
the privilege of accepting late applications. The 
University of Tennessee, Memphis is an Equal 
Employment Opportunity/Title IX/Section 504/ 
Affirmative Action Employer. 


Lehigh University—The Department of Com- 
puter Science and Electrical Engineering is 
seeking applications for a tenure track position 
in Electrical or Computer Engineering at the 
rank of Assistant or Associate Professor. A doc- 
torate degree in electrical or computer en- 
gineering, an outstanding academic record and 
evidence of effective teaching ability are re- 
quired. The applicant is expected to participate 
in the planning, development, and teaching of 
the core undergraduate courses and laborato- 
ries. These core areas include circuits and sys- 
tems, signal processing, circuit design, commu- 
nications, controls, and machines. The appli- 
cant is expected to have demonstrated capabil- 
ity of scholarship of highest quality, and will be 
expected to develop an active research pro- 
gram. Potential for securing funded research 
will be an important consideration in the selec- 
tion process. US citizenship or permanent US 
residency are preferred. Lehigh University is an 
Affirmative Action employer, and welcomes ap- 
plications from women and minority candi- 
dates. Applications should be sent to Prof. F.H. 
Hielscher, CSEE Department, Packard Labora- 
tory #19, Lehigh University, Bethlehem, PA 
18015. 


Southern Illinois University at Carbondale. The 
Department of Electrical Engineering invites 
applications for two tenure-track faculty posi- 
tions at all ranks in the following areas: (1) Dig- 
ital Systems/Computer Engineering and (2) Ar- 
tificial Neural Networks/ Neuroengineering. 
Qualifications for appointment include a Ph.D. 
in Electrical Engineering or a related field, and 
a strong documented commitment to research. 
Individuals currently working toward a their 
Ph.D. degree and expecting to graduate by Au- 
gust 16, 1991 will be considered for interview. 
The department has an enrollment of 600 under- 
graduate and 150 graduate students, and a 
faculty of 23. Laboratory and computer facili- 
ties are excellent. Faculty in the Department of 
Electrical Engineering, in addition to teaching 
undergraduate and graduate courses, are ex- 
pected to develop successful research pro- 
grams in their respective areas of interest. The 
department provides support and excellent op- 
portunities for the development of new faculty. 
Applications should include a resume, list of 
three references, and a statement of goals to: 
Chair of Search Committee, Department of 
Electrical Engineering, Southern Illinois Univer- 
sity at Carbondale, Carbondale, Illinois 
62901-6609, Consideration of applications will 
begin January 3, 1991 and will continue until po- 
sitions are filled. Minorities and women are 
strongly encouraged to apply. SIUC is an equal 
opportunity, affirmative action employer. 


Rensselaer Polytechnic Institute, Department 
of Electrical, Computer, and Systems Engineer- 
ing, invites applications for tenure-track faculty 
positions at all levels. Specific areas of interest 
include: (1) optical communications and net- 
works; optical computing; (2) computer en- 
gineering and architecture, especially real-time 
systems and neural networks; (3) discrete-event 
systems and Petri net analysis with applica- 
tions to manufacturing and networks; (4) plas- 
ma diagnostics and electromagnetics with an 
emphasis on active particle beam based diag- 
nostics for magnetic confinement experiments. 
The ECSE Department is the largest academic 
unit at RPI and has a rich tradition of research 
and education. The department is seeking to 
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add faculty who bring an innovative approach 
to research and teaching. Active programs in 
computer engineering, solid-state electronics 
and integrated circuit design, control systems, 
robotics and automation, information and de- 
cision systems, communications and signal 
processing, electronics and circuits, and fusion 
plasma systems contribute to a dynamic re- 
search environment. In addition to the extensive 
research facilities of the department, there are 
opportunities to initiate or participate in inter- 
disciplinary research programs in one of the 
major research centers of the School of En- 
gineering, including the Center for Integrated 
Electronics, Rensselaer Design Research Cen- 
ter, Center for Manufacturing Productivity and 
Technology Transfer, the NASA Center for Intel- 
ligent ty at in Space Exploration and the 
New York State Center for Advanced Technolo- 
gy and Robotics. New faculty are eligible for 
special arrangements including summer sup- 
port, equipment, graduate student support, and 
reduced teaching load in order to encourage 
growth of their research programs. Applica- 
tions or request for more information should be 
directed to: Dr. Arthur C. Sanderson, Chairman, 
Dept. of Electrical, Computer and Systems En- 
gineering, Rensselaer Polytechnic Institute, 
Troy, NY 12180-3590. RPI is an affirmative action/ 
equal opportunity employer and encourages 
applications from women and minorities. 


The Laboratory of Nuclear Studies at Cornell 
University has an opening for a Physicist/RF En- 
gineer Research Associate to participate in 
Microwave Superconductivity R/D directed at 
application to high energy physics electron- 
positron colliders. PhD in Physics or Engineer- 
ing, or advanced degree with equivalent ex- 
perience required. Experience in RF, accelera- 
tor physics, or accelerator technology highly 
desirable. Salary commensurate with ex- 
perience. Apply by letter to H. Padamsee, New- 
man Laboratory, Cornell University, Ithaca, NY 
ee Cornell is an Equal Opportunity Em- 
ployer. 


San Francisco State University seeks applica- 
tions for tenure-track faculty position in power 
systems and power electronics Candidates for 
position must have earned a Ph.D. in electrical 
engineering, and possess proficiency in using 
digital computers for analysis and design of 
power systems and power electronic circuits, 
and have a strong interest in teaching as well 
as professional activities. Industrial experience 
is desirable. Rank and salary commensurate 
with experience. Send resume, and a list of 
three references to: Dr. M. Abo-El-Ata, Division 
of Engineering, San Francisco State Universi- 
ty, 1600 Holloway Avenue, San Francisco, CA 
94132. Closing date for application is March 1, 
1991. Applications may be accepted at a later 
date if the position has not been filled. 


Harvey Mudd College. Fletcher Jones Chair in 
Engineering Design. Applications are invited 
for this newly endowed senior-level tenure track 
position in the Engineering Department. Ap- 
pointment at the full professor level is anticipat- 
ed. Professional background and experience 
must include familiarity with modern computer- 
aided design concepts and leadership of multi- 
disciplinary design projects. The successful 
candidate will lead the development of the 
department’s new Engineering Design Center. 
Additional responsibilities will include teaching 
in a unified curriculum and supervision of in- 
dustrially sponsored projects through the En- 
gineering Clinic. Active involvement in the ad- 
vancement of the discipline of engineering de- 
sign is expected. Excellent opportunities for 
consulting and other professional activities ex- 
ist in the local area. A Doctorate or equivalent 
qualification is required. Applications with a 
complete resume and the names, mailing ad- 
dresses, and telephone numbers of three refer- 
ences should be sent to Engineering Design 
Search, Attention: Professor John |. Molinder, 
Chairman of Engineering, Harvey Mudd Col- 
lege, Claremont, CA 91711 by March 1, 1991. Har- 
vey Mudd College is an equal opportunity/af- 
firmative action employer. 


Graduate Fellowships and Research Associ- 
ates. Fellowships and Associateships are avail- 
able for M.S. or Ph.D. students in Electrical En- 
gineering. Fellowships provide a nine-month sti- 
pend of $45,000 for Ph.D. students and $12,000 
for M.S. students plus tuition waiver. The sti- 
pend for Research Associates is $8,000 for nine 
months plus tuition waiver, and requires re- 
search duties under the direction of a faculty 
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member. Applicants must be U.S. citizens and 
possess a B.S.E.E. or M.S.E.E. from an engineer- 
ing department that has a basic or advanced 
program that is ABET accredited. Minimum un- 
dergraduate GPA’s are 3.5/4.0 for a Fellowship 
and 3.1/4.0 for an Associateship. For consider- 
ation, send a brief resume and transcripts be- 
fore March 1, 1991 to: Dr. Roger Radcliff, Dept. 
of Electrical and Call ea Engineering, 325 
Stocker Center, Ohio University, Athens, OH 
45701-2979. 


The University of Minnesota, Duluth. The 
Department of Computer Engineering invites 
applications for two-tenure track faculty posi- 
tions at the assistant or associate professor 
level, opening September 1, 1991. A Ph.D. in 
Electrical or Computer Engineering is required 
by the time of appointment for the assistant 
professor rank. In addition, appointment at the 
associate professor rank requires 6 years rele- 
vant teaching experience and distinction in 
scholarly activity. Duties will include under- 
graduate teaching and research. Preferred 
fields of interest include digital, analog, and 
solid-state electronics, VLSI design, and CAD, 
but applicants in other fields are also en- 
couraged. Demonstrated evidence of effective 
teaching and communication skills appropriate 
to a faculty position is required. Completed ap- 
plications must include a letter of application, 
a curriculum vita, and the names, addresses 
and telephone numbers of three professional 
references. The last date for receipt of applica- 
tions is March 15, 1991. The University of Min- 
nesota is an equal opportunity educator and 
employer and welcomes applications from 
women and minorities. Applications should be 
addressed to: Dr. Christopher R. Carroll, Chair, 
Computer Engineering Search Committee, 271 
MWAH UMD, 10 University Drive, Duluth, MN 
55812-2496. 


University of Alabama in Huntsville (UAH) 
Department of Electrical and Computer En- 
gineering. Five faculty positions -rank and spe- 
cialty areas open. We seek U.S. citizens or per- 
manent residents with excellent academic 
credentials holding the Ph.D. in electrical or 
computer engineering, or in cognate fields, with 
outstanding potential as teachers and 
researchers. Senior appointees should have a 
record of substantial research support and 
productivity. We are particularly interested in 
filling positions in computer engineering, opto- 
electronic devices and systems, communica- 
tions, and electronics. The department, with 22 
faculty members, currently enrolls 630 under- 
graduates and over 250 graduate students. 
Huntsville is a high technology community, with 
many federal and corporate opportunities for 
collaboration, support and consulting. A major 
new laboratory for optical science and en- 
gineering, currently under construction, will 
house optics-related research facilities, includ- 
ing the UAH Center for Applied Optics. Com- 
puter resources include a CRAY X-MP/24, acom- 
ponent of the Alabama Supercomputer Net- 
work. Salary and benefits are highly competi- 
tive while housing is very affordable. Huntsville 
is on the Tennessee River in the foothills of the 
Appalachian Mountains. Climate is temperate, 
and opportunities for recreational as well as 
cultural activities abound. Please send curric- 
ulum vitae with the names of three references 
to Professor Stephen T. Kowel, Chairman, 
Department of Electrical and Computer En- 
gineering, University of Alabama in Huntsville, 
Huntsville, Alabama 35899. UAH is an Affirma- 
tive Action/Equal Opportunity Employer. 


Graduate programs in Biomedical Engineering 
and Physics leading to the M.Sc. and Ph.D. 
degrees. Research assistantships available to 
highly qualified students. For further informa- 
tion, write to: Graduate Coordinator, Depart- 
ment of Applied Sciences in Medicine, Univer- 
sity of Alberta, Edmonton, Alberta T6G 2G3. 


Senior Professional Research Assistant. The 
Guided Wave Optics Laboratory at the Univer- 
sity of Colorado, Boulder, seeks a Senior Profes- 
sional Research Assistant to work in integrat- 
ed optical and microwave device fabrication. 
He will be expected to assist doctoral students 
in their work and conduct his own research. He 
will work in the fabrication lab, coordinate lab 
operations and maintain equipment. At the be- 
ginning of employment, applicants must pos- 
sess at least, an MS in Electrical Engineering 
with research emphasis on electro-optics or op- 
tical rnaterials processing and one year of 
clean-room experience. Some previous fabrica- 


tion work with various acousto-optical, optical 
and microwave materials including LiINbO3, 
LiTaO3, glass, GaAlAs, InGaAsP, as well as non- 
linear optical polymers, is also essential. Can- 
didates must be able to operate and maintain 
picosecond and femtosecond laser systems 
used for the research. Salary range is $31,000 
to $33,000, based on expertise. Please send re- 
sume to: Prof. Alan R. Mickelson, E&CE Depart- 
ment, Campus Box 425, Boulder, CO 80309. The 
University of Colorado at Boulder has a strong 
institutional commitment to the principle of 
diversity in all areas. In that spirit, we are par- 
ticularly interested in receiving applications 
from a broad spectrum of people, including 
women, members of ethnic minorities and dis- 
abled individuals. 


Director. Center for Aircraft Systems Reliabili- 
ty. Candidates are sought for the position of 
Director of the Center for Aircraft Systems 
Reliability (CASR) at lowa State University. This 
center is aimed at the development of nondes- 
tructive evaluation (NDE) techniques for and 
their application to the commercial aviation 
fleet for the purpose of promoting safety and 
reliability in the fleet’s operation. Candidates 
must be knowledgeable in the various aspects 
of current QNDE research and development, 
should be an expert in at least one of them, and 
should be familiar with the state of the techno- 
logical art that is currently used in field inspec- 
tions. It is expected that the successful candi- 
date will be able to interact technically with 
both field test personnel as well as internal re- 
search people and will be interested in and 
capable of seeking and acquiring additional 
funding for the continued development of the 
program. This program is coupled closely to 
other interdisciplinary research centers at lowa 
State University, particularly the ongoing Cen- 
ter for NDE. Salary is commensurate with ex- 
perience. For qualified candidates, joint aca- 
demic position can be arranged. To apply, send 
vita plus names and addresses of three refer- 
ences to: Personnel Office, 127 Spedding Hall, 
lowa State University, Ames, IA 50011. Atten- 
tion: Dr. Donald Thompson. “An Equal Opportu- 
nity/Affirmative Action Employer M/F/V/H.” 


Faculty Positions, Biomedical Engineering— 
The University of Southern California invites ap- 
plications for tenure-track faculty positions in 
the areas of bioinstrumentation/bioelectronics, 
biosensors, cardiovascular, neural, and neu- 
romuscular systems, medical imaging and sig- 
nal processing, cellular bioengineering, or laser 
applications in medicine. Duties will include 
both teaching and research. Rank and salary 
will be commensurate with qualifications. Can- 
didates must have a Ph.D. and/or M.D. degree 
and an established research record. Send cur- 
riculum vitae and the names of five references 
to: Vasilis Z. Marmarelis, Chairman, Department 
of Biomedical Engineering, University of South- 
ern California, Los Angeles, CA 90089-1451. An 
Equal Opportunity/Affirmative Action Employer. 


University of Nevada, Las Vegas, Faculty Posi- 
tions. Two tenure track positions are available 
at the University of Nevada, Las Vegas. One po- 
sition requires a minimum of ten years academ- 
ic/ industrial experience since receiving the 
Ph.D. At least six of these should have been at 
a Ph.D. granting institution. Appointment will 
be at the appropriate rank. An established rec- 
ord of scholarly research and effective teach- 
ing is required. Preferred areas include digital 
signal processing, computer engineering and 
power electronics/energy conversion. The sec- 
ond position is expected to be filled at the as- 
sistant professor level. Preference will be giv- 
en to candidates in signal processing or com- 
munication theory. The major qualifications are 
the ability and desire to excel at teaching and 
to initiate a productive research program. UNLV 
is a dynamic and growing institution. The 
Howard R. Hughes College of Engineering lo- 
cated in a 101,000 square foot complex, is the 
newest college on campus. The Dept. of Elec- 
trical and Computer Engineering has an ABET 
accredited undergraduate program, has approx- 
imately 200 undergraduates and 20 graduate 
students. The M.S. degree is offered in the ma- 
jor specialization areas within electrical and 
computer engineering. A Ph.D. program is in the 
planning stage. Computational facilities of the 
department include VAX, Micro VAX, Sun 
SPARC, and NEXT workstations, sharing about 
6 Gbytes of file service and interconnected by 
the departmental ethernet. A new super com- 
puter (CRAY YMP-2) is available to faculty and 
graduate students for ongoing research. A let- 
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ter outlining your goals and expectations, along 
with a resume and names of three references 
should be sent to Dr. William L. Brogan, Chair, 
Dept. of Electrical and Computer Engineering 
University of Nevada, Las Vegas, 4505 Marylan 
Parkway, Las Vegas, Nevada 89154. Applica- 
tions will be accepted until 3/15/91 or until the 
position is filled. The appointment is expected 
to become effective in the fall semester, 1991. 
UNLV is an EE/AA employer and encourages 
women and minorities to apply. 


University of Colorado at Denver. The Depart- 
ment of Electrical Engineering and Computer 
Science invites applications for several tenure 
track positions. Applicants must have a Ph.D., 
the ability to teach effectively at both the under- 
graduate and graduate levels, and to conduct 
independent research. Particular need exists 
for faculty with research interests in controls 
and hardware-software interfaces but other ap- 
plicants will be considered. The University of 
Colorado at Denver particularly invites and en- 
courages applications from women and minori- 
ties. Send resume and names of three refer- 
ences to: Electrical Engineering Faculty Search 
Committee, Department of Electrical Engineer- 
ing and Computer Science, University of Colora- 
do at Denver, Campus Box 110, PO. Box 173364, 
Denver, CO 80217-3364. Review of applications 
will begin on February 1, 1991 and continue un- 
til all positions are filled. 


The University of Toledo. The Electrical En- 
gineering Department invites applications for 
a tenure track position in VLSI Systems begin- 
ning September 1991. A Ph.D. in electrical en- 
gineering or a related area required. Responsi- 
bilities include undergradute and graduate 
teaching and research. Candidates with a back- 
ground and an interest in VLSI or IC CAD tool 
development are especially encouraged to ap- 
ply. State University with 24,000+ students in- 
cluding 2200+ students in B.S., M.S., and Ph.D. 
engineering programs. Rank and salary are 
open. Send applications with resume contain- 
ing names and addresses of three (3) references 
by February 28, 1991 to Dr. Kai Fong Lee, Chair- 
man of Electrical Engineering Department, The 
University of Toledo, Toledo, OH 43606-3390. 
Non-US citizens must indicate their immigra- 
tion status. The University of Toledo is an Equal 
Opportunity/Affirmative Action Employer. 


Head of Electrical Engineering and Endowed 
Chairs in Micro-electronics and in Telecommu- 
nications. The Erik Jonsson School of Engineer- 
ing and Computer Science at The University of 
Texas at Dallas is seeking experienced 
researchers to lead our Electrical Engineering 
program; to lead programs of experimental re- 
search in microelectronic devices and fabrica- 
tion; and to lead programs of research in com- 
munications, signal processing and digital sys- 
tems. Research areas in Microelectronics in- 
clude advanced compound and elemental 
semiconductor devices, optoelectronics, and 
nanoelectronics using quantum-effect devices. 
Research areas in Telecommunications include 
digital communication systems, optical com- 
munication systems, information theory and 
coding, digital signal processing, VLSI design, 
computer architectures and high performance 
computing. The University of Texas at Dallas is 
located in a center of microelectronics and tele- 
communications. The Erik Jonsson School 
serves the needs of a large technologically 
sophisticated metropolitan area where oppor- 
tunities exist for interaction with industry. The 
Engineering and Computer Science Building 
has 150,000 sq. ft. of laboratory and office 
space including 5,000 sq. ft. of research clean- 
room, 4,600 sq. ft. of research laboratories for 
electronic device characterization and optics; 
and 10,000 sq. ft. of research laboratories for 
telecommunications and computers. Appropri- 
ate start-up funding is available. Interested ap- 
plicants should send a resume to: Dr. B.E. Cher- 
rington, Dean, Erik Jonsson School of Engineer- 
ing and Computer Science, The University of 
Texas at Dallas, PO. Box 830688, Richardson, TX 
75083-0688. The University of Texas at Dallas is 
an equal opportunity/ affirmative action 
university. 


Professor and Head, Manufacturing Systems, 
The Erik Jonsson School of Engineering and 
Computer Science at The University of Texas at 
Dallas is seeking an experienced senior 
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researcher to lead our Manufacturing Systems 
Program. The program emphasizes the design 
of computer supported/controlled systems for 
engineering and manufacturing. Current re- 
search areas include machine vision systems, 
CAD, robotics and expert systems. Candidates 
must have a Ph.D. or equivalent in engineering 
or related discipline, and a demonstrated rec- 
ord of scholarly productivity and the ability to 
attract research sponsorship. The University of 
Texas at Dallas is located in a center of electron- 
ics manufacturing. The Erik Jonsson School 
serves the needs of a large technologically 
sophisticated metropolitan area where oppor- 
tunities exist for interaction with industry. The 
Engineering and Computer Science Building 
has 150,000 sq. ft. of laboratory and office 
space of which 7,500 sq. ft. of laboratory space 
is devoted to research in manufacturing sys- 
tems. Appropriate start-up funding is available. 
Interested applicants should send a resume to: 
Dr. B.E. Cherrington, Dean, Erik Jonsson School 
of Engineering and Computer Science, The 
University of Texas at Dallas, RO. Box 830688, 
Richardson, TX 75083-0688. The University of 
Texas at Dallas is an equal opportunity/affirm- 
ative action university. 


University of South Carolina, Department of 
Electrical and Computer Engineering, invites 
applications for tenure-track faculty positions. 
Particular areas of interest include quantum 
and physical electronics, computer architec- 
ture and computer vision. Persons of high cali- 
ber in other areas will also be considered. Ap- 
pointment will be at the Assistant or Associate 
Professor level with a competitive salary and 
rank commensurate with qualifications. Ten- 
ured appointments at the level of Professor are 
also possible for uniquely qualified individuals. 
The USC, as the flagship university of the state, 
seeks candidates having a strong commitment 
to excellence in both education and research. 
Candidates for Associate Professor are expect- 
ed to have significant research records. Candi- 
dates for Assistant Professor areexpected to 
show strong research potential. Positions may 
be filled as early as January, 1991 but will re- 
main open until suitable candidates are found. 
Applicants should send resumes, including 
names of at least three references, to Professor 
Etan Bourkoff, Chair, Department of Electrical 
and Computer Engineering, Swearingen En- 
gineering Center, University of South Carolina, 
Columbia, SC 29208. The University of South 
Carolina is an equal opportunity/affirmative ac- 
tion employer. 


Grand Valley State University. Director, School 
of Engineering. Opportunity to shape a unique 
engineering educational program. Dynamic, in- 
novative individual sought to lead anew ABET 
accredited engineering program in a period of 
— and development. Applicant should 

ave academic administrative experience and 
a doctorate in an engineering discipline. Indus- 
try experience is preferred. Should have interest 
in laboratory based teaching and be able to ad- 
minister a program with firm ties to the indus- 
trial community of west Michigan. Grand Valley 
offers a general engineering degree with man- 
datory industry experience. Future expansion to 
mechanical, electrical and manufacturing 
designated degrees anticipated. Grand Valley 
State University is the fastest growing state 
supported institution of higher education in the 
state of Michigan. It is located in Grand Rapids 
near Lake Michigan with many cultural and 
recreational opportunities. Send a letter of in- 
terest, vita and list of references to: Dr. P. Doug- 
las Kindschi, Dean of Science and Mathemat- 
ics, Grand Valley State University, Allendale, MI 
49401. Applications will be accepted until po- 
sition is filled. Starting date will be July 1991. 
AA/EOE. 


Tulane University invites applications and nomi- 
nations for the position of Dean of the School 
of Engineering. Established in 1884, the School 
of Engineering offers baccalaureate, master 
and doctoral degrees i Biomedical, Chemical, 
Civil, Electrical, Mechanical Engineering, and 
Computer Science, accredited by national ac- 
crediting agencies. Reporting directly to the 
Provost, the Dean serves as the academic and 
educational leader and chief administrator of 
the School of Engineering. The Dean is respon- 
sible for administering all facets of the College, 
providing leadership to the faculty, providing 


guidance in curriculum development, stimulat- 
ing faculty in instruction and research, and ar- 
ticulating plans for future developments. The 
Dean is responsible for administering relations 
between the University and the industrial and 
business community. Criteria for the appoint- 
ment include: 1) An earned doctorate in en- 
gineering or a science-related field, and a rec- 
ord of teaching experience to merit the rank of 
a tenured Professor in one of the departments 
in the School of Engineering. 2) Demonstrated 
ability to work successfully in an institution 
that serves an ethnically and culturally diverse 
population. 3) Distinguished record in teaching, 
scholarship, research, and professional activi- 
ty. 4) Experience in administrative coordination 
and in the acquisition of external funding. 5) 
Ability to promote effective working relation- 
ships with faculty members, staff, and stu- 
dents. We expect to make an appointment ef- 
fective 1 July 1991. Therefore, we invite nomina- 
tions immediately. Nominations and applica- 
tions will be accepted until the position is filled. 
We particularly seek applications from women 
and members of minority groups who would 
qualify for this position. Applications should in- 
clude a curriculum vitae, a letter of interest, and 
the names, addresses, and telephone numbers 
of three professional references. Applications 
should be sent to: Chair, Engineering Dean’s 
Search Committee, Tulane University, Office of 
the Provost, 327 Gibson Hall, New Orleans, LA 
70118. Tulane University is an Equal Opportuni- 
ty, Affirmative Action Employer committed to 
cultural diversity. 


The Ohio State University invites applications 
and nominations for the position of Dean of the 
College of Engineering. The Dean will lead a 
distinguished 260-person faculty, serving 4,500 
undergraduates and 1,400 graduate students in 
16 academic units. The Dean will administer a 
total budget of $90,000,000, including the sixth 
largest engineering college research budget in 
the United States, and will have the support of 
30,500 College of Engineering alumni. The can- 
didate should be a recognized leader in en- 
gineering administration, research and teach- 
ing. The Dean will be a key member of the 
university leadership and will be expected to 
contribute to the broad academic and cultural 
missions of the entire university. The position 
will be available July 1, 1991. The Ohio State 
University is an equal opportunity/affirmative 
action employer, and the candidate must be 
committed to these principles. Applications will 
be accepted and reviewed until the position is 
filled. Send applications and nominations, in- 
cluding curriculum vitae and the names of three 
references to: Professor Leon Peters, Jr., Chair 
of Search Committee for the Dean of the Col- 
lege of Engineering, Department of Electrical 
Engineering, The Ohio State University, 2015 
Neil Avenue, Columbus, OH 43210. 


University of Arizona. The University of Arizona 
Electrical and Computer Engineering Depart- 
ment invites applications for tenure track 
faculty appointments for the 1991-92 academ- 
ic year. Preference will be given to applicants 
at the Assistant Professor level, but exception- 
al candidates at higher levels may also be con- 
sidered. In addition to an earned doctorate and 
a commitment to effective teaching at both the 
undergraduate and graduate level, it is essen- 
tial that candidates have outstanding research 
achievement and/or potential and the commit- 
ment and ability to establish an externally spon- 
sored research program. Technical areas of par- 
ticular interest for 1991-92 recruiting are com- 
puter engineering including Al/robotics, signal 
and image processing including pattern recog- 
nition/ neural networks, telecommunications, 
and microelectronics including analog circuits. 
Applicants should send a resume, a statement 
of teaching and research interests, and a list of 
three references to: Prof. K.F. Galloway, Depart- 
ment Head, Electrical and Computer Engineer- 
ing Department, University of Arizona, Tucson, 
AZ 85721. Applications will be reviewed starting 
January 15, 1991 and will be received until open 
positions are filled. The University of Arizona is 
and Equal Opportunity/Affirmative Action Em- 
ployer and specifically invites women and 
minorities to apply. 


Harvey Mudd College, Electrical Engineering. 
Applications are invited for a tenure track po- 
sition in the Engineering Department, begin- 
ning Fall Semester 1991. Appointment at the As- 
sitant Professor level is anticipated. The posi- 
tion requires demonstrated capabilities in two 
or more of the following areas: analog/digital 
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PRE-EMPLOYMENT 
PATENT AGREEMENTS 


Employed Engineers: Who Owns Their Inventions? 
was published by IEEE United States Activities as 
a guide for leaders of professional activities groups. 
This booklet explains a number of pre-employment 
patent agreements and what they mean to the em- 
ployed inventor. Detailed guidance on the assign- 
ment of rights, forms of reward, confidentiality of 
employer information, disclosure of prior inventions, 
and a sample agreement are included. 

Copies are on sale to members through the IEEE 
Service Center, Box 1331, 445 Hoes Lane, Piscata- 
way, N.J. 08855-1331; 201-981-1393 or 800-678- 
IEEE. Ask for Catalog No. UH0147-9. Price is US 
$5.00 for members and US $6.50 for nonmembers. 


Or, for additional information, CIRCLE #95 on the 
: Reader Service Card. 


AMERICAN ASSOCIATION OF 
ENGINEERING SOCIETIES 


GOVERNMENT AFFAIRS CONFERENCE 
IEEE COMPETITIVENESS WORKSHOP 
March 6, 1991 


IEEE’s Technology Policy Conference Committee, a 
joint committee of IEEE’s United States Activities 
and Technical Activities boards, is organizing a 
workshop on U.S. competitiveness at the 1991 En- 
gineering Societies Government Affairs Conference. 
Dr. Oscar Garcia chairs the IEEE’s joint committee. 

The conference will take place on March 6, 1991, 
at the Madison Hotel in Washington, D.C. Sponsored 
by the American Association of Engineering Socie- 
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ties, the conference will introduce the professional 
engineering community to important issues facing 
the incoming 102nd Congress. 

Dr. Robert White, under secretary for technolo- 
gy in the Department of Commerce and an IEEE Fel- 
low, will deliver a major presentation during the 
morning plenary session on the Federal govern- 
ment’s role in promoting U.S. competitiveness. Dr. 
Robert Frosch, vice president for research of General 
Motors Corp. and an IEEE Fellow, will moderate the 
IEEE’s afternoon Competitiveness Workshop. This 
session will include discussion by two panels of 
prominent industry and government spokesmen on 
actions that must be taken by both the private and 
the public sectors to promote U.S. competitiveness. 

The audience will include engineering society 
leaders, Congressional and Executive Office staff, 
members of the media, and members of the en- 
gineering, science, and technology communities. 


For more information and for registration materials, 
CIRCLE #94 on the Reader Service Card. 


1991 SPRING CATALOG 
IEEE 
SOFTWARE ENGINEERING SEMINARS 


Chicago, March 1991 
San Francisco, September/October 1991 


© Software Reviews and Audits 

© Software Quality Assurance 

¢ Software Testing 

© Software Project Management 

© Software Verification and Validation 
© Software Requirements Specifications 
© Software Configuration Management 






























To advance your professional skills and the competi- 
tive nature of your organization, you need to know 
your standards and how to apply them in your en- 
vironment. That’s why IEEE offers its Standards 
Seminars Program, a series of seminars tailored to 
meet your particular requirements, covering rele- 
vant industry standards that add value to your or- 
ganization. 


Each seminar is led by a team of industry experts, 
many of whom participated in developing the 
standards—so you get not only the specifications, 
but also the rationale behind the standard, and you 
learn how the standard applies directly to you. As 
a seminar participant, you'll also receive valuable 
support materials and a wealth of standards knowl- 
edge you won't find anywhere else. To keep your- 
self and your organization competitive, enroll today! 


For a free catalog and seminar information, CIRCLE 
#91 on the Reader Service Card. 


Careers Conference 
Calls for Papers 


IEEE-USA’s Seventh Biennial Careers Conference, 
whose theme is ‘‘Change and Competitiveness and 
Careers,”’ will take place in October 1991 in Den- 
ver, Colo. 

Organized by IEEE-USA’s Career Maintenance and 
Development Committee, under the direction of con- 
ference chairman Marlin P. Ristenbatt, the Bienni- 
al Careers Conference provides a national forum for 
all aspects of technical careers. Its goals are to con- 
tribute to U.S. competitiveness and to improve in- 
dividual careers in a rapidly changing world. 

IEEE-USA invites interested members to write 
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papers on any aspect of engineering careers and 
the organization and government practices affect- 
ing those careers, based on data, experience, or an 
expert opinion. Career researchers, executives from 
industry and government, human resource 
managers, career and management consultants, or- 
ganizational development specialists, and individual 
engineers and scientists are potential contributors. 
Six copies of 500-word abstracts must be received 
in the IEEE-USA Office in Washington, D.C., by Feb. 
1, 1991. Notifications of acceptance will be sent by 
April 1, and camera-ready papers are due by Aug. 
1. Relevant conference topics for papers include: 
e Evolving Changes in Professional Careers 
© Corporate Downsizing and Organization Flattening 
© New Organizational Models 
e Upgrading the Professional Career 
© Current and Future Demand for Engineers and 
Scientists 
¢ Learning Lessons from Japan and Europe 


For more information about the Careers Conference 
or on topics for papers, get in touch with the IEEE- 
USA Office in Washington, D.C., or CIRCLE #93 on 
the Reader Service Card. 


The latest... 
information of INSPEC on 
PROPERTIES OF 
GALLIUM ARSENIDE 
Second Edition 


Gallium arsenide is revolutionizing the semiconduc- 
tor industry. It is a major competitor to silicon in the 
push for faster, higher-frequency, and greater-band- 
width circuits because it has a much higher elec- 






BUSINESS REPLY MAIL 
FIRST CLASS MAIL PERMIT NO. 1332, NEW YORK, NY. 


tron mobility, has greater thermal stability, and pro- 
vides higher-resistivity |C substrates than silicon. 

Moreover, it is a key material in some areas where 
silicon is of only minor significance: namely, the bur- 
geoning millimeter wave and optical circuits. Galli- 
um arsenide is also widely used in LEDs (light-emit- 
ting diodes) and solar cells. 

US $290.00 

EMIS Datareview Series No. 2 

280 x 210 mm, casebound, 700 pp. 

ISBN: 0 85296 485 4, 1990 
Orders now being accepted. 


For information on ordering, CIRCLE #92 on the 
Reader Service Card. 


Just Published: 


IEEE Standard 1149.1-1990 on 
DIGITAL INTEGRATED CIRCUITS 
The IEEE has just published IEEE Standard 
1149.1—1990, Standard Test Access Port and 
Boundary-Scan Architecture. The core of the IEEE 
Working Group that developed this standard was 
composed of European and North American mem- 
bers of the Joint Test Action Group (JTAG).As a re- 
sult, this new IEEE standard enjoys wide interna- 

tional acceptance. 

The standard defines a test access port and 
boundary-scan architecture for digital integrated cir- 
cuits (ICs) and for the digital portions of mixed ana- 
log/digital ICs. 

The facilities defined by the standard seek to pro- 
vide a solution to the problem of testing assembled 
printed-circuit boards and other products based on 
highly complex digital ICs and high-density surface- 
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mounting assembly techniques. 

They also provide a means of accessing and con- 
trolling design-for-test features built into the digi- 
tal ICs themselves. For example, they might include 
internal scan paths and self-test functions as well 
as other features intended to support service ap- 
plications in the assembled product. 

Product Number: SH13144 
List Price: $49.00 IEEE Member Price*: $24.50 


*|EEE Member Discount: 50 percent on the first copy 
for personal use. 


To order your copy, call toll-free in the United States 
and Canada: 1-800-678-IEEE, or CIRCLE # 82 on 
the Reader Service Card. 


HOW TO 
COMMUNICATE WITH 
MEMBERS 
OF CONGRESS 


Many important issues facing the United States 
today need to be addressed by people with strong 
technical backgrounds. Engineers can make a differ- 
ence in resolving many of the issues by becoming 
more involved in the political system. One of the best 
ways to contribute is by communicating with Con- 
gressional representatives. 

The United States Activities Board has published 
a pamphlet entitled ‘‘How to Communicate with 
Members of Congress,’’ which describes several 
effective ways to convey strong concerns to elect- 
ed representatives. 


For a complimentary copy, CIRCLE #96 on the Reader 
Service Card. 
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electronics, VLSI, and materials. Responsibili- 
ties will include teaching in a unified engineer- 
ing curriculum, developing courses, and super- 
vising industrially sponsored projects in the En- 
gineering Clinic. Continuing professional 
growth and development through research or 
consulting is expected; excellent opportunities 
exist in the local area. A doctorate is required 
for the position. Industrial experience is desira- 
ble. Reply to: Electrical Engineering Search, At- 
tention: John I. Molinder, Chairman of Engineer- 
ing, Harvey Mudd College, Claremont, CA 91711. 
Send application by March 1, 1991. Harvey 
Mudd College is an equal opportunity/affirma- 
tive action employer. 


The Department of Electrical Engineering in- 
vites applications and nominations for 3 tenure 
track positions in the area of Control Theory at 
the rank of Assistant or Associate Professor. 
Qualifications should include an outstanding 
academic record, significant achievements in 
original research, sincere interest in teaching, 
and a Doctorate in Electrical Engineering or 
related area. Application deadline is February 
28, 1991. Please send aresume and the names 
and addresses of at least three professional 
references to: Professor T.E. Bullock, Depart- 
ment of Electrical Engineering, University of 
Florida, Gainesville, FL 32611. Citizens of for- 
eign countries please indicate US Visa status. 
The University of Florida is an Affirmative Ac- 
tion Employer. Women and minorities are en- 
couraged to apply. According to Florida law, ap- 
plications and meetings regarding applications 
are open to the public on request. 


Faculty Position Available in Control 
Systems—University of Illinois at Urbana- 
Champaign. The Department of Mechanical 
and Industrial Engineering (M&IE) of the Univer- 
sity of Illinois at Urbana-Champaign seeks ap- 
plications and nominations for a tenure-track 
or tenured faculty position in the control sys- 
tems area at the level of Assistant Professor, 
Associate Professor, or Professor. Candidates 
should have a strong background in control the- 
ory. Outstanding candidates in all areas of con- 
trol systems will receive serious consideration; 
applications are particularly encourage from 
person with an interest in the theory of control 
of distributed parameter systems and its appli- 
cations to combustion, fluid mechanics, heat 
transfer, propulsion, solid mechanics, struc- 
tures, or other relevant areas. Opportunities ex- 
ist for interaction with faculty in these areas, as 
well as with control systems faculty in M&lE 
and other units of the College of Engineering. 
The individual must have a PhD degree and 
must be committed to teaching at both the un- 
dergraduate and graduate levels as well as to 
attracting and conducting sponsored research. 
Salary is commensurate with education and ex- 
perience. In order to ensure full consideration, 
applications must be received by March 15, 
1991. Proposed starting dates are May 21, 1991 
or August 21, 1991. Send up-to-date biography 
with names of four references to: Professor A. 
L. Addy, Head, Department of Mechanical and 
Industrial Engineering, University of Illinois at 
Urbana-Champaign, 138 Mechanical Engineer- 
ing Building, 1206 West Green Street, Urbana, 
IL 61801; (217) 333-1126. The University of Illinois 
at Urbana-Champaign is an affirmative action/ 
equal opportunity employer. 


Executive Director, Washington Technology 
Centers. The Washington Technology Centers 
(WTC) is seeking candidates and nominees for 
the position of Executive Director. The WTC is 
Washington State's premier university-industry 
collaborative research program, established in 
1983 by the Washington State Legislature and 
designed to foster private and federal invest- 
ment for commercially promising research and 
technology development. WTC research activi- 
ties are located primarily on the University of 
Washington and Washington State University 
campuses. As a leader in commercially promis- 
ing research and technology development in 
the areas of advanced materials, compound 
semi-conductors, computers and software, 
manufacturing systems, microsensors, and 
medical and plant biotechnology, the WTC cre- 
ates technologies for industry application with 
a focus on Washington State. The Executive 
Director has overall management and adminis- 
trative responsibility for seven distinct research 
areas/programs, with projected biennial activi- 
ty of $27.2 million (state, federal, foundations 
and industry combined) and an eleven-person 
headquarters staff. Functions and responsibil- 
ities: chief WTC representative to government, 
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industry and university leadership; responsible 
for long-range planning, major facilities plan- 
ning and acquisition; develops and implements 
WTC policies and procedures; and oversees in- 
tellectual property agreements. Qualifications: 
Broad knowledge of science and engineering, 
Ph.D. in an appropriate field (only exceptional 
relevant experience will substitute for a Ph.D). 
Position is available immediately. Interviews 
will begin early in 1991 and will continue until 
the position is filled. Send nominations or a re- 
sume, names and addresses of four or more 
references, and a letter of interest highlighting 
the special skills that you could contribute to 
the development and success of the WTC to: 
Dean G. Ross Heath, Chair, Search Committee 
for the WTC Executive Director, College of 
Ocean and Fishery Sciences, HN-15, Universi- 
ty of Washington, Seattle, WA 98195. The 
University of Washington is an equal opportu- 
nity/ affirmative action institution and en- 
courages women and minorities to apply. 


Thomas J. Watson School of Engineering, Ap- 
plied Science & Technology. The Department of 
Electrical Engineering of the State University of 
New York at Binghamton invites applications 
for a tenure-track faculty position in the area of 
digital electronics. Successful applicants will 
be expected to teach appropriate courses, de- 
velop active research programs, and supervise 
MSEE and Ph.D. research. A Ph.D. in electrical 
engineering or aclosely related field is required. 
Rank and salary will be commensurate with ex- 
perience and qualifications. Applications in- 
cluding a full resume, three references (with 
phone numbers) and recent publications, 
should be sent to: Dr. J.E. Morris, Chairman, 
Department of Electrical Engineering, Watson 
School, SUNY-Binghamton, NY 13902-6000. 
FAX: (607) 777-4822. The State University of New 
York at Binghamton is strongly committed to af- 
firmative action. We offer access to services 
and recruit students and employees without re- 
gard to race, color, sex, religion, age, disability, 
marital status, sexual orientation or national 
origin. 


University of Missouri—Columbia— Research 
Assistant Professor. The College of Engineer- 
ing is seeking a highly motivated and talented 
individual with experimental research skills in 
the synthesis and characterization of photovol- 
taic materials. A PhD or equivalent experience 
is required. We offer a challenging three year re- 
search project on advanced materials for nucle- 
ar energy conversion (working with four senior 
faculty and four graduate students), a congen- 
ial and stimulating atmosphere, a competitive 
salary, and excellent benefits. This position will 
begin January 1991. Interested individuals are 
invited to send their resumes to Professor Mark 
A. Prelas, 323 Electrical Engineering ea 
University of Missouri-Columbia, Columbia, M 
5211. 


Electrical Engineering Technology at Purdue 
University anticipates tenure-track positions at 
West Lafayette, Columbus, and Kokomo, Indi- 
ana, commencing August 12, 1991. Minimum re- 
quirements are: master’s degree in Electrical 
Engineering, Engineering Technology, or close- 
ly related field; 3 years of recent relevant indus- 
trial experience; commitment to undergraduate 
teaching; and expertise in at least 2 specialty 
areas. Candidates from industry and strong 
2-year and 4-year engineering technology pro- 
grams are sought. Faculty are involved in teach- 
ing, curriculum development, student advising, 
and various committees. They pursue scholar- 
ly activity by pee and participating in 
professional societies. Closing date is March 
18, 1991, or until filled. Send a detailed resume 
and mention the location desired to: Prof. W.F. 
Reeve, Faculty Search Committee, Electrical 
Engineering Technology, Knoy Hall, Purdue 
University, West Lafayette, IN 47907. Purdue is 
an equal opportunity/ affirmative action em- 
ployer. 


Faculty Positions in the Electrical Engineering 
Department at The University of North Caroli- 
na at Charlotte, Charlotte, NC 28223. The Elec- 
trical Engineering Department at the Universi- 
ty of North Carolina at Charlotte invites appli- 
cations for two tenure-track positions at the As- 
sistant, Associate, or Full Professor level. Areas 
of interest include signal and image processing/ 
communications (including optical sional pro- 
cessing and telecommunications), and microe- 
lectronics (including optoelectronics, process 
technology, system integration, nonometric 
devices, and analog/digital VLSI design). Posi- 


tions begin Fall of 1991. The University of North 
Carolina at Charlotte is one of the largest insti- 
tutions of the UNC system. It has over 14,000 
students, including 2,125 graduate students in 
the six colleges. The department is one of five 
in the College of Engineering and currently en- 
rolls 350 students, of which 50 are graduate stu- 
dents and Postdoctoral Research Associates. 
Computer facilities include micros, minis, work- 
stations and free access to Cray YMP super- 
computer. The laboratory facilities include a 
class 100 clean room with complete integrated 
circuit and microstructure fabrication capabil- 
ities, laboratories for measuring the electrical 
properties of the insulator-semiconductor sur- 
face, computerized IC test facilities, laser 
electro-optic laboratory, dry processing labora- 
tory for VLSI fabrication, and MBE laboratory 
for quantum well superlattice and optoelectron- 
ic materials. As a participating institution of 
MCNC (Microelectronics Center of North Caro- 
lina), the faculty have access to the MCNC fa- 
cilities with capabilities of submicron IC de- 
sign, fabrication, test, and semiconductor 
materials analysis. Charlotte is the largest city 
in the Carolinas and offers good schools and 
attractive housing. The 100,000 sq. ft. engineer- 
ing building and a 75,000 sq. ft. applied research 
building are located adjacent to the 2,800 acre 
University Research Park. Various forms of ca- 
reer development support are available. Appli- 
cants should have a Ph.D. degree or equivalent 
and have commitment to teaching and pursu- 
ing research. Industrial and research ex- 
perience is desirable. Rank and salary commen- 
surate with experience. Bite will be ac- 
cepted until March 1, 1991. Initial screening be- 
gins February 1, 1991. Applications, including a 
resume and four references, should be sent to: 
Rafic Makki, Chairman, Search Committee, 
Electrical Engineering Department, UNC- 
Charlotte, Charlotte, NC 28223. UNC-Charlotte 
is an equal opportunity affirmative action em- 
ployer, and complies fully with the immigration 
Reform and Control Act of 1986. 


Southern University, Chair, Electrical Engineer- 
ing Department. Nominations and applications 
are invited for the position of Chairman of the 
Electrical Engineering Department at Southern 
University at Baton Rouge, Louisiana. The suc- 
cessful candidate must have an earned doc- 
torate, and a demonstrated record of excellence 
in teaching, research, and service suitable for 
appointment at the rank of associate or full 
professor. The selected candidate must have a 
vision of the future directions for electrical en- 
gineering and have the leadership and 
managerial skills to promote and implement 
this vision. Professional registration and indus- 
trial experience are desirable. Southern Univer- 
sity is a historically black university located in 
Baton Rouge, Louisiana. The Electrical En- 
gineenne Department has twelve full time 

aculty positions and offers the B.S. degree in 
Electrical Engineering. Current enrollment in 
Electrical Engineering is about 500 students. 
The successful candidate must have a strong 
commitment to further developing research en- 
deavors in the department. Nomination and ap- 
plicants should send a resume and the names 
and addresses of five references to: Dr. Thomas 
L. Henderson, Search Committee Chairperson, 
College of Engineering, Southern University, 
Baton Rouge, Louisiana 70813-9552, no later 
than February 15, 1991. Minorities and women 
are strongly encouraged to apply. The position 
is available in June 1991. Salary is competitive 
and commensurate with qualifications. South- 
ern University is an affirmative action and equal 
opportunity employer. 


University of North Carolina at Charlotte, 
Department of Computer Science. Two tenure- 
track positions are available in all areas at As- 
sistant, Associate, or Full Professor level in 
Computer Science/Computer Engineering. The 
salary is competitive. A Ph.D. in CS/CE is pre- 
ferred. A Ph.D. in an area related to CS/CE will 
be considered. Applications will be accepted 
until the positions are filled. The Department of 
Computer Science is housed in the College of 
Engineering and offers both undergraduate and 
graduate degrees in computer science. Active 
research areas in the department include artifi- 
cial intelligence, computer architecture, com- 
puter vision, database systems, data communi- 
cation, distributed systems, theoretical CS, and 
VLSI design. On-campus Ph.D. level research 
and study are available through cooperation 
with other participating institutions of the 
Microelectonics Center of N.C. (MCNC). A wide 
variety of excellent computing facilities includ- 
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ing IBM, VAX, Xerox, Sun, and others are avail- 
able to support educational and research activi- 
ties. Also, as a participant in MCNC, UNCC has 
access to state-of-the-art eee ere (e.g., Cray 
Supercomputer, VLSI design, and fabrication 
facilities). UNCC is a dynamic, growing univer- 
sity. Charlotte is the largest city in the Caroli- 
nas with excellent housing, good schools, a 
modern international airport, and mild climate. 
Curriculum Vita, transcript, and four letters of 
reference should be sent to Chairperson, 
Faculty Search Committee, Department of 
hie ag Science, The University of North 
Carolina at Charlotte, Charlotte, NC 28223. 
UNCC is an EOE/AA Employer. 


Graduate Associateships in Avionics Engineer- 
ing or power electronics/industrial control. As- 
sociateships are available for M.S. or Ph.D. stu- 
dents in Electrical Engineering specializing in 
these areas. Students will be expected to per- 
form research on funded or related projects 
within the Avionics Engineering Center, a re- 
search branch of the Department of Electrical 
and Computer Engineering, on projects related 
to power electronics/industrial controls, or on 
manufacturing related projects supported by a 
grant from Cooper Industries. Applicants must 
possess a B.S.E.E. and a minimum undergradu- 
ate GPA of 3.3/4.0. The stipend is $12,000 for 12 
months for M.S. students and $15,000 for 12 
months for Ph.D. students, plus tuition waiver. 
Send a brief resume and transcripts before 
March 1, 1991 to: Dr. Roger Radcliff, Dept. of 
Electrical and Computer Engineering, 325 
Stocker Center, Ohio University, Athens, OH 
45701-2979. 


University of Denver, Department of Engineer- 
ing. Applications are being accepted for two 
Electrical Engineering tenure-track positions 
(one Associate and one Assistant Professor). 
The candidates must be willing to teach, per- 
form, research, and help build new graduate en- 
gineering programs. All candidates should pos- 
sess an earned doctorate with an excellent rec- 
ord of teaching, scholarship, and service. In- 
dividuals must have a background in either 
oe Systems, or Microelectronics, and be 
able to teach in at least three of the following 
areas: Digital Systems, Microelectronics, Ro- 
botics/Controls, and Communications. The As- 
sociate Professor position requires a minimum 
of four years experience in U.S. industry or 
government. U.S. citizenship or permanent resi- 
dence status is required. Applicants should 
submit a resume, a letter of recommendation 
and three other references to: Dr. Roger Salters, 
Department of Engineering, University Park, 
Denver, CO 80208-0177. Salaries and benefits 
are competitive. The University of Denver 
(Colorado Seminary) is a private, mid-sized, re- 
search university and the oldest in Colorado. Its 
engineering programs were recently reestab- 
lished and are ABET accredited. University of 
Denver is committed to enhancing the diversi- 
ty of its staff and faculty and encourages appli- 
cations particularly from women, minorities 
and the disabled. 


Manager Power Plant, University of lowa Pow- 
er Plant. Individual will be responsible for 
managing the operation and maintenance of 
the University steam and electrical generation 
facilities, including the campus steam distribu- 
tion system. The University of lowa has a 21 MW 
coal fired power plant including a fluidized bed 
boiler. Minimum qualifications include a 
Bachelor’s degree in Engineering or an equiva- 
lent combination of education and experience 
which provide a comparable level of knowledge. 
Individual must possess at least 5 years ex- 
perience in power plant management or super- 
vision with at least 2 years in a coal fired plant. 
The University of lowa offers an excellent 
benefits package in addition to a competitive 
salary commensurate with experience. Interest- 
ed candidates should forward a letter of appli- 
cation, resume and salary history to: John 
Schenk, Associate Director for Utilities, Univer- 
sity of lowa, Physical Plant, Department, lowa 
City, |A 52242. The screening process will begin 
on January 15, 1991. The University of-lowa is 
= Equal Opportunity/Affirmative Action Em- 
ployer. 


Faculty Search—Electrical & Systems En- 


gineering. The Electrical and Systems En- 
gineering Department at the University of Con- 


102 


SSIFIED EMPLOYMENT OPPORTUNITIES 





necticut invites qualified candidates to apply 
for an anticipated tenure-track Assistant 
Professor position. A doctoral degree in Elec- 
trical Engineering or Applied Sciences with ex- 
perience in any one or a combination of the fol- 
lowing areas is required: optoelectronic 
devices, integrated optics, fiber optic sensors, 
electrooptic systems, photonic switching and 
ultrashort laser pulses, and telecommunica- 
tions. Required duties include teaching at the 
undergraduate and graduate levels, obtaining 
external funding and performing research in the 
candidate’s area of expertise, and supervising 
graduate student research. Hands-on ex- 
perience in device fabrication with publications 
in major professional journals will be given spe- 
cial consideration. Starting salary will be com- 
mensurate with candidates’ qualifications. The 
University of Connecticut is the largest state in- 
stitution in Connecticut located in a beautiful 
rural area within easy reach of Boston and New 
York City. Please mail application and resume 
to: Chairman, Faculty Search Committe, Univer- 
sity of Connecticut, Electrical & Systems En- 
gineering Department, U-157, 260 Glenbrook 
Road, Storrs, CT 06269-3157. AA/EOE. (Search 
#1A168). 


The Bradley Department of Electrical Engineer- 
ing of Virginia Polytechnic Institute and State 
University invites applications for several ten- 
ure track faculty positions. Greatest needs are 
in the areas of electronic materials (a joint po- 
sition with Materials Engineering Department) 
and communications with emphasis on high 
frequency electronics. Consideration will be 
given to applicants in all areas at the Assistant 
and Associate Professor level. Applicants must 
have an earned doctorate, be interested in un- 
dergraduate and graduate teaching, and be will- 
ing to secure research sponsorship. Virginia 
Tech is Virginia’s land grant university offering 
degrees through the Ph.D. Send complete re- 
sume with references and employmenticitizen- 
ship status to: Professor W.L. Stutzman, Chair- 
man, Personnel Committee, Bradley Depart- 
ment of Electrical Engineering, Virginia Tech, 
Blacksburg, VA 24061-0111. Applications will be 
accepted until April 15, 1991, or until suitable 
candidates are selected. Virginia Tech is an 
Equal Opportunity/Affirmative Action Employer. 


Government/Industry 
Positions Open 


Research Engineer for firm in NE Ohio. To con- 
duct research into new transmission media for 
application in microwave and millimeter wave 
integrated circuits. This will involve identifying 
promising transmission media discontinuities, 
developing detailed analytical models for typi- 
cal discontinuities, fabricating and experimen- 
tally evaluating the discontinuities and compar- 
ing analytical and experimental results. Addi- 
tionally, the research will involve incorporating 
solid state devices, such as field effort transis- 
tors and beam lead diodes, into full circuits. 
Also contemplated is research on photonics, in 
particular the optical control of microwave 
devices. Must have Ph.D. in Electrical Engineer- 
ing and academic program must have included 
one graduate level course each in: Microwave 
Circuits and Antennas, Microwave Active 
Devices, and Design of Array Antennas. Must be 
conversant with electromagnetic wave theory 
and millimeter wave transmission lines (e.g., 
slot line, coplanar waveguide, and fin line); and 
optical control of microwave solid state 
devices, as evidenced by employer testimonials 
or publications. Must have 2 years of ex- 
perience as research assistant and experience 
must have been in research on microwaves. 
8am-4:30pm, 40 hrs/wk, $54,000/yr. Must have 
proof of legal authority to work permanently in 
U.S. Send resume and course transcript in dupli- 
cate (no calls) to G. Maugans, JO# 1255623, 
Ohio Bureau of Employment Services, P.O. Box 
1618, Columbus, Ohio 43216 


Systems Engineer with Masters in Electrical En- 
gee. 2 years experience in job offered or 

years experience as systems analyst. 40 hours/ 
week. $50K/year. Utilize knowledge of electron- 
ics and data processing principles and equip- 
ment to interface A.S.K. manufacturing sys- 
tems and AVP tax systems with DEC/VAX and 
HP computer and operating system that will 
provide system capabilities required for proj- 


ects or workloads on existing LAN systems. Ap- 
ply at the Texas Employment Commission, 
Houston, Texas, or send resume to the Texas 
Employment Commission, TEC Building, Aus- 
tin, Texas 78778, JO#5515183. Ad Paid by An 
Equal Employment Opportunity Employer. 


Research Openings: Bharat Electronics, a pre- 
mier professional electronics industry in India, 
invites applications for its central research 
laboratory at Bangalore & Delhi Centres. Ban- 
galore Centre has 3 labs: information systems, 
software engineering, and CADICAE. The Delhi 
Centre, which is to be established soon, will 
have another 3 labs: systems engineering, 
microwave engineering and advanced com- 
puter applications. CRL wishes to recruit prin- 
cipal scientists, members (senior research 
staff) and members (research staff). Applica- 
tions including curriculum vitae, list of publica- 
tions, references and technical interests should 
reach the following address by 31 MAR 1991. 
Citizenship is a must. Asst. Personnel Officer, 
Bharat Electronics Limited, Central Research 
eck: 25, M.G. Road, Bangalore 560 001 
ndia. 


Associate Electronics Design Engineer. Con- 
ducts development activities concerned with 
the design, manufacture, and testing of elec- 
tronic products, and in development of applica- 
tions of products to medical uses. Designs elec- 
trical circuits and integrated systems, using 
electronic theory, principles of electrical cir- 
cuits, electrical testing procedures, engineering 
mathematics, physics, and related knowledge. 
Assembles experimental circuitry (breadboard) 
or complete prototype model according to de- 
sign. Sets up standard test apparatus or de- 
vises test equipment and circuitry, and con- 
ducts functional, operational, environmental, 
and life tests to evaluate performance and relia- 
bility of prototype or production models. Ana- 
lyses and interprets test data. On large projects 
may work under the direction of a Senior Design 
Engineer. Requires B.S. in Electrical Engineer- 
ing. Requires 2 years experience in the job 
offered or 2 years analog/ digital circuit ex- 
perience, including use of the following test 
equipment: oscilloscopes, digital voltmeters, 
dynamic signal processors, signal generators, 
final test and repair of electronic medical equip- 
ment. $14.00/hr, 40 hrs/wk, M-F 8:00am-5:00pm. 
Position located in Seattle, WA area. Must have 
legal authority to work permanently in the U.S. 
Send resume by January 31, 1991 to: Employ- 
ment Security Department, KG-11, ES Division, 
Attn: Job # 237984, Olympia, WA 98504. 


CAD Engineering Senior Member |. Design 
testable/fault tolerant Built-in Self-Test (BIST) 
controllers for Programmable Logic Arrays 
(PLAs) to achieve high quality products. Sup- 
port timing analysis methodology/tools for var- 
ious designs to help in detection of timing prob- 
lems. Develop behavioral models for validation 
of VLSI chip/system specifications arid auto- 
mated logic synthesis. Minimum requirements: 
B.S. or equivalent in Electrical Engineering; 
Graduate course work in VLSI Design, Fault De- 
tection and Testing, Fault Tolerant Computing 
and Semiconductor Device Physics; 6 months 
experience or training in the design of BIST con- 
trollers for PLAs; 2 years experience in the de- 
sign or maintenance of mainframe or supermi- 
ni computer hardware systems; one year ex- 
perience, which can be concurrent experience, 
in the design of software. $38,000/Yr. 40 hour 
week. For consideration, send resume to 
Colorado Department of Labor and Employ- 
ment, 600 Grant Street, Suite 900, Denver, CO 
80203-3528. Refer to order #CO3194026. 


CAD Engineering Senior Member Il. Investigate 
and enhance fault simulation and test genera- 
tion methodologies to improve quality of 
products. Investigate automatic test pattern 
generation for all relevant classes of faults. In- 
clude delay faults in the fault model and de- 
velop software to determine coverage for 
selected delay faults in production test proce- 
dures. Minimum requirements: M.S. in Electri- 
cal or Electronic Engineering, or equivalent; 
Graduate level course work in VLSI Design, De- 
sign for Testability, and Design and Analysis of 
Algorithms, or equivalent. One year experience 
and/or training in developing algorithms and 
software for automatic test generation. 1 year 
graduate level research, training or experience 
in design for testability and delay faults testing. 
Experience and/or training in developing al- 
gorithms and software for atuomatic test 
generation may be concurrent with this-require- 
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ment. $45,000/Yr. 40 hour week. For considera- 
tion, send resume to Colorado Department of 
Labor and Employment, 600 Grant Street, Suite 
900, Denver, CO 80203-3528. Refer to order 
#C03194030. 


Sr. Sys. Consulting Engr’s—up to $75,000. Our 
client, a well-known diversified N.E. Co. reqs. 
Engr. w/MS EE & min. 10 yrs. exp. Will develop 
functional perf. system & subsystem from cus- 
tomer specs. Must be familiar with process of 
parametric analysis & trade-off studies & pack- 
aging trade-offs necessary in system process. 
CAD, Simulation, & Environ. testing & knowl- 
edge in electro-optic fire control/target acq. sys- 
tems desirable. Will supervise up to 7 profs. Sr. 
Elec. Design Engr.—up to $54,000. Reqs. Engr. 
with BSEE & 5+ yrs. exp. w/low noise, high dy- 
namic range audio & video circuits & high speed 
switching. Circuit, PAL & FPGA design & CAE 
tools desirable. Excel. Co. Benefits. Send re- 
sume or fax in confidence to: Allen Barry As- 
sociates, 371 So. Broadway, Tarrytown, NY 
10591. (914) 631-9200. Fax: (914) 631-5776. 


Development Engineer. Design/ develop new 
WAN prof. of Statistical Multiplexers OS 
X.25 Packet Assemblers/Disassemblers (PADS), 
X.25 Packet Switches & T1 Multiplexers; & 
upgrade/support current prods. Req: MSEE + 
2 yrs exp as EE. Either through educ/exp (may 
be concurrent): (A) 2 yrs exp w/(1) 80186/80286 
uP & related peripheral ICs (used for data 
comm. app); (2) HW & SW/ FW for IBM PCs 
& compat.; (3) LAN prod. design (Arcnet, Ether- 
net cards for IBM PC) & WAN prod. design 
(error correcting modem) SM, X.25 Packet 
Switches, prods inc. stand alone units/adapters 
for IBM PC bus archit; exp should inc. design/ 
build/test of uP-based sys w/RAM, ROM & 1 
or more peripherals, & interface w/ IBM PC 
or compat. HW/SW; & (B) 1 yr exp (1) obtaining 
approvals for install. of prods on U.S. or int’l 
data comm/ tele networks; (2) writing test 
proced./ prod testing of LAN/ WAN prods; 
(3) preparing Tech/ Users manuals for data 
comm. prods; (4) use of development tools-logic 
& protocol analysers, uP emulators. $34,600/yr. 
Resume to: D. Heweston (#0-200), MN Job 
Service, 390 N Robert—Rm 124, St. Paul, MN 
55101. 


Technical Support Specialist for SE OH employ- 
er. Duties: 1) checking out circuit board & as- 
sembled products, using advanced electronics 
test equipment including digital logic analyzer 
& EPROM programmer. 2) troubleshooting & re- 
pair, & responding to customers’ technical 
questions. 3) defining & installing hardware up- 
grades to meet change market requirements 
for the product. 4) use of IBM-PC & Apple com- 
puters to revise & extend existing programs 
written in assembly language. Must have BSEE 
with at least two courses in digital systems de- 
sign. No exp. required in above duties but appli- 
cants will qualify with 1 yr. electronics engineer- 
ing; exp. to include practicing advanced PC- 
DOS operations including 3 mos. with assem- 
bly level Peay on PC at both DOS & 
BIOS level. MSEE with thesis work in digital sys- 
tems design acceptable in lieu of BSEE & | yr. 
exp. 40/ hrs/ wk, 9am-5:30pm, $14.00/ hr. Must 
have proof of legal authority to work permanent- 
ly in U.S. Send resume in duplicate (NO CALLS) 
to J. Davies, JO#1221614, Ohio Bureau of Em- 
pea Services, PO Box 1618, Columbus, OH 
43216. 


Managers & Engineers. Our company is de- 
veloping a supercomputer for scientific and 
technical applications. The company, located 
in France, at Lyon, is seeking managers and en- 
gineers experienced in computer architecture; 
networking and I/O systems; VLSI and system 
design; mechanical, packaging, cooling, elec- 
trical engineering; optimizing and parallel com- 
pilers; UNIX software operating system; design 
methodology and simulation tools; software en- 
gineering; test and manufacturing engineering. 
Membership is based upon competence, rele- 
vant experience, team spirit and enthusiasm. If 
you are interested in joining the company and 
contributing, please write to: Jacques Stern, 
Advanced Computer Research Institute, 1, Boul- 
ae Marius Vivier-Merle, 69443 Lyon Cedex 03, 
rance. 


Electrical Engineer. To direct and coordinate 
operation, testing, maintenance & repair of 
food processing equip. & systems, specializing 
in application of electrical principles & technol- 
ogy. Work w/plant mgr. & other prof. staff to 
identify problems & upgrade, improve & modi- 


CLASSIFIED ADVERTISING 


fy elec. components of production systems to 
optimize plant production. Requires BS in Elec- 
trical Eng. & 4 yrs exp. in electrical eng. in 
manuf. or processing plant. 40 hrs/wk. Hrs. 9-5. 
$35,150/yr. Employer Paid Ad. Send resumes to 
7310 Woodward Av., Rm. 415, Detroit, MI 48202. 
Ref. no. 86290. 


Electromagnetic Support Specialist. The 
MacNeal-Schwendler Corporation, the leader 
in finite element technology and software 
products for over 25 years, is seeking a fluent 
Japanese speaking MSEE with 2-5 years 
experience in the design of electrical apparatus 
and electromagnetic field analysis. This 
challenging position is in the Product Sup- 
port Group of The MacNeal-Schwendler Cor- 
poration’s Tokyo Office. Duties include: ap- 
plication of MSC/ EMAS—the world’s most 
advanced 3-D finite element analysis code— 
to a wide variety of electrical problems; teach 
field analysis seminars; conduct on-site EM 
workshops at various locales throughout the 
Pacific Rim. Preferred candidates will have 
demonstrated expertise/interest in finite ele- 
ment analysis and computer-aided engineer- 
ing. MSEE required. Candidates must have 
the ability to prepare and communicate tech- 
nical issues concisely and clearly in both 
Japanese and English. We offer competitive 
salaries and an outstanding benefit package. 
Qualified applicants should submit their re- 
sumes to: The MacNeal-Schwendler Corpor- 
ation, 815 Colorado Blvd., Los Angeles, CA 
90041, Attn: Human Resources. Equal Oppor- 
tunity/Affirmative Action Employer. 


Electrical Engineer: Vector Fields Inc. markets 
software for design of electromagnetic devices. 
An application engineer is needed to provide 
advice and assistance to North American users 
of our software and carry out short term consul- 
tancy assignments for customers. Exhibiting 
our software using workstations at scientific 
conferences plus assisting in training courses 
4 times per year is required. Position requires 
a BSEE degree and a minimum of 5 years ex- 
perience. Send resume to: Robert J. Lari, Vec- 
tor Fields Inc., 1700 N. Farnsworth Av, Aurora, 
IL 60505. 


Product Marketing Manager. International 
electronics equipment manufacturer with 
headquarters and manufacturing facilities 
located near Portland, Oregon has an im- 
mediate opening for a Product Marketing 
Manager, experienced in the professional vid- 
eo marketplace. Will perform departmental 
administrative management functions (i.e., 
preparation/ administration of departmental 
budget, employee selection and pay admin- 
istration). Direct worldwide marketing stra- 
tegies to successfully introduce advanced 
video technology into an undefined market. 
Prepare plans and strategies that integrate 
with and enhance long-term business unit 
objectives. Develop and implement product 
proposals for new products, product line en- 
hancements, modifications, and product ob- 
solescence based on market projections. Pro- 
vide product line forecast by product type. 
Administer an on-going market analysis pro- 
gram designed to maximize product compe- 
titiveness and identify emerging opportunities. 
Develop and manage product introduction 
programs, identify and negotiate for most 
effective distribution channels; monitor ef- 
fectiveness of existing marketing programs, 
changing as appropriate. Participate in team 
selling activities with worldwide sales force 
as requested. Requires an understanding of 
professional television display systems, tech- 
nologies, products, competitors and market- 
place. Demonstrated ability to provide infor- 
mation and advice on professional video prod- 
uct users applications, buying patterns and 
customer product preferences. Proven ability 
to lead and manager new product introduction 
process. Demonstrated effective application 
of business and technical skills necessary 
for successful management of people, assets 
and expenses. Effective oral and written com- 
munication skills. Ability to work effectively 
across functional boundaries within a mul- 
ti-national organization. Effective oral and 
written communication skills as demonstrated 
by ability to effectively create training pro- 
grams, project reports, etc. Experience may 
be gained concurrently. Bachelor of Science 
degree in Electronic Engineering plus three 
or more years’ experience as a Sales Engineer 
in the professional video marketplace and at 
least one year’s management experience re- 


quired. Basic work schedule will be 40 hours 
per week, typically 8:00 a.m. to 5:00 p.m.; over- 
time is necessary. Base salary offered: $45,000/ 
year. Must have proof of legal authority to work 
in the United States. Send resume to: Employ- 
ment Division, Attention: Job Order Number 
5550057, 875 Union Street N.E., Room 201, Sa- 
lem, OR 97311. 


Software Engineer for firm in NE Ohio. Design 
and develop advanced software for hand-held 
microcomputers in areas of operation systems, 
embedding systems, radio frequency modula- 
tion, bar code technology, and program gener- 
ation. Adapt the embedded MS-DOS and Com- 
mon Operating System so that the Portable 
Teletransaction Computer (PTC) can operate 
with Chinese characters. Develop special soft- 
ware for the PTC microprinter controller logic to 
communicate with the PTC. Must have M.S. in 
Computer Engineering or Electrical Engineer- 
ing and academic program must have included 
one course each in: Computer Architecture, 
Microprocessor System Design, Mini-Micro- 
Computers, Circuit Analysis and Design, and 
Linear Network Theory. Must be able to speak, 
read, and write Chinese No exp necessary. 40 
hrs/wk, 8am-5pm, $32,000/yr. Must have proof 
of legal authority to work permanently in U.S. 
Send resume and course transcript in duplicate 
(no calls) to J. Davies, JO# 1238496, Ohio Bureau 
of Employment Services, P.O. Box 1618, Colum- 
bus, OH 43126. 


Research Associate. $34,776/year, 40 hrs/wk. 
Will grow GaAs, AlGaAs and InGaAs crystals for 
III-V compound semiconductor materials using 
VPE (vapor phase epitaxy) and MOVPE (metalor- 
ganic vapor phase epitaxy). Will engineer and 
design VPE and MOVPE equipment, as well as 
directly supervise personnel. Will perform PL 
characterization, Hall measurements, and elec- 
trochemical C-V profiles. Must have Ph.D. in 
Metallurgy or equivalent, with five years of ex- 
perience in the job offered. Must have proven 
publication record (5) in the field. Submit re- 
sumes to New Mexico Department of Labor, 501 
Mountain NE, Albuquerque, NM 87103. 
CC#1001. Job Order #334099. 


Sr. Product Engineer—to design and develop 
HP permanent magnet DC motors for automo- 
tive application; write design algorithms; coor- 
dinate all engineering functions on customer 
designed products; interpret European DIN, 
American SAE/ATSM; and Japanese JIS specifi- 
cations, and customer requirements and 
specifications; establish lab procedures and 
test formats. BSEE & two yrs. prod. eng. exp. in 
above duties which must include a) automation 
and manual assembly techniques; b) mfg. of ce- 
ramic permanent magnets, carbon brushes, 
commutators, thermoplastics, thermoset mold 
components, zinc & aluminum diecast parts. M- 
F, 9am-5pm—$800/ wk. Send resumes to 7310 
Woodard Ave., Room 415, Detroit, MI 48202, Ref. 
#85090. 


Vision Analysis EE: Analyze/synthesize image/ 
surface texture probe using state of the art vi- 
sion info processing tech/equip. Duties: 1) De- 
velop/supervise vision imagery projects for all 
design stages; 2) Perform/ supervise sci re- 
search to select/develop sys design parameters/ 
specs; 3) Estab/maintain standards, policies, & 
procedures in eng’ng/vision sys development; 
4) Oversee doc, manual, support materials & 
training; 5) Evaluate prods, est req. & interpret 
specs; 6) Customer visits to estab. prod design 
parameters; 7) Write test/debug structured SW 
algorithms to meet prods specs; 8) Maintain di- 
rect contact w/ suppliers to facilitate cog- 
nizance of avail. Req: MSEE + 2 yrs exp as 
researcher on projects utilizing vision analysis 
& 12 mos exp or educ (may be concurrent) w/ 
project involvement in texture image analysis 
& assembly lang. 35K/ yr. Resume to: L. 
Cheetham (#0-199), MN Job Service, 390 N. 
Robert—Rm 124, St. Paul, MN 55101. 


CAE Software Development Engineers. Re- 
search and development in electro-magnetic 
CAE. Openings both in magnetics and electri- 
cal machine analysis, and in microwave and 
MMIC analysis. Requires experience in develop- 
ing finite element or method of moment com- 
puter codes. Successful candidates will work in 
a team environment to carry out projects from 
conception, design, implementation to finished 
product. Ph.D. in EE required. Experience with 
C and Unix highly desirable. Send resume to 
Dick Nicholson, Ansoft, Four Station Sq., Suite 
660, Pittsburgh, PA 15219. 
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THE CONSULTING GROUP 


e RF, Microwave & Fiber Optic Systems 

¢ RF, Microwave Filters, Amplifier, 
Oscillator & Synthesizer/PLL Design. 

¢ Asynchronous, Synchronous Data 
Transmission, MODEM’s Concentrators, 
Nodes, WAN (X25, SNA) PBX, PAD 


71-25 Austin St., Forest Hills, NY 11375 (718) 793-0777 





RF/Analog Circuit Design 


* Communications Equipment Design 
¢ Synthesizers/Phase Locked Loops 

¢ Active/Passive/RF Filters 

¢ Analog Signal Processing 

¢ Audio Processing Circuits 


RLM Research 


PO. Box 3630 
Boulder, CO 80307 


Steven L. Maddy 
President 
Tel: 303/499-7566 FAX: 303/499-0877 





RAINES ELECTROMAGNETICS 
Consulting Since 1972 


e Antennas and Arrays 
e Scattering and Radar Cross Sections 
* Radhaz & Environmental Impact 
¢ Simulations of Fields & Phenomena 


Jeremy K. Raines, Ph.D., PE. 
President (301) 279-2972 





CONTROL SYSTEM CONSULTING 


* Servo design, high performance motion 
control, synthesis, system performance, 
simulation, specs, integration, testing 

e Electrical, mechanical, hydraulic 

© Defense, aerospace, industrial experience 


30 East Gate Road A.R. Hazelton 
Danbury, Conn. 06811 (203) 743-7002 


RESEARCH AND DEVELOPMENT ELECTRONICS 


* Specializing in medical product development 
¢ Ultrasonic Doppler and imaging 
* Low noise wideband amplifiers 
* Analog and digital signal processing 
* Laboratory and prototyping facilities 
For further information contact: 
Steve M. Gehibach, Ph.D., President 
Kesa Corporation 4701 Patrick Henry Drive #1801 
(408) 748-1814 Santa Clara, CA 95054 


IRA J. PITEL, Ph.D. 


Consulting, Research and Development 
in Power Electronics and Magnetics 
Power Supplies, Inverters, Converters, Motor 

Drives, Lighting Controls, Industrial Controls, 

Transformers, and Special Magnetics. 


MAGNA-POWER ELECTRONICS, INC. 


135 Route 10 Whippany, NJ 07981 
(201) 428-1197 
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O.C.R. inc 


OPTICS ¢ COATING ¢ RESEARCH 
© OPTO-MECHANICAL ENGINEERING 
¢ INFRARED SYSTEM ANALYSIS 
¢ FLIR DESIGN & TEST 
e HEAD UP DISPLAYS 
© SPECTROSCOPIC INSTRUMENTS 
¢ OPTICAL DESIGN & TEST 


Marvin Hutt (201) 337-3155 
107 MANITO AVE, OAKLAND, N.J. 07436 





NOISE, TRANSIENTS AND INTERFERENCE 


* FCC, VDE, EMC/EMI 

* Susceptibility, ESD, RF, Transients, Lightning 
© Testing & Retrofit for Product Enhancement 
e UL, VDE, CSA, Other Safety-Related Specs 

* Noise-lmmune Designs and Prototypes 

* FCC Compliance Training & Retrofits 


THE R. Kenneth Keenan 
@  kcenan 


Ph.D., VP Engr. 
CORPORATION 8609 66th St. North 
(813) 544-2594 


Pinellas Park, FL 34666 








Infolytica Corp. (514) 849-8752 


Expert electromagnetics design & analysis 
using MagNet 2D and 3D FEA software. 

© motors © magnetizing fixtures 

© transformers ° recording heads 

© actuators © NMR applications 

© levitators © magnetic bearings 

© CRT design eetc... 

1140 deMaisonneuve, Suite 1160 Montreal, Canada, H3A 1M8 














INDUSTRIAL CONTROLS 


Custom Microprocessor Based Controls 
© Machine Tool Controls e Punch Press Controls 
¢ Process Controls Prototype Production 
© Motorola 68xx, 68xxx Systems 
Wintriss Engineering Vic Wintriss, MSEE 
254 Sunset Drive 30 Years Experience 
Encinitas, CA 92024 Phone (619) 436-8889 





Charles E. Mullett, PE. Karl B. Keller 


MULLETT ASSOCIATES, INC. 


THE POWER SUPPLY DESIGN EXPERTS 
Specializing in switching power supply design 
and prototypes * Design reviews e Product 
testing and evaluation * Magnetics design 
¢ Mag amp regulators, etc. 

Let us help you! 

5301 Beethoven St., Los Angeles, CA 90066 
(213) 306-4075 


LEONARD R. KAHN, P.E. 


Consultant in Communications and Electronics 
Single Sideband and Frequency Shift Systems 
Diversify Reception - Stereophonic Systems 
Modulation Systems 
Registered Patent Agent 


222 Westbury Ave. 


Carle Place, NY 11514 
516-222-2221 














TCES 


CSE 


Communications Systems Engineering, Inc. 


© Specializing in Spread Spectrum systems. 
© Coherent receivers, DSP implementations. 
© Phaselock synthesizers, exciters thru UHF. 
e Laboratory and prototyping faciities, CAD. 


1004 Amherst Avenue Phone or FAX: 
L.A., CA 90049 (213) 820-6761 


Application Software 
Assembly to 4GL 


Analog/ Microprocessor 
Circuits/Instruments 


PRODUCT DESIGNS 


Systems—Hardware & Software 


Frank Bosso, P.E. 
5 Frandon Drive 
Danbury, CT 06811 


Bus. (203) 792-8894 
Home (203) 744-3437 


Robert J. Abend, P.E. 


Electronics Consultant 
Hardware & Software Design—Neural Nets 
Optical Pattern Recognition—ATE Design 


1265 Palmdale Circle 
Palm Bay, FL 32905 


Telephone & FAX 
(407) 952-2216 


MicroCircuit 
Designs, Inc. 


Specialized IC Development 


INSTRUCTION PROCESSORS 
ARITHMETIC PROCESSORS 
CACHE, MSU CONTROLLERS 
HIGH VOLTAGE ANALOG/DIGITAL 
CMOS AND BIPOLAR TECHNOLOGY 
2951 Advance Ln, PO. Box 566, Colmar, PA 18915 
215-997-2994 FAX 215-822-6697 

















Hardware and Software Development Services 


© Specialize in developing microprocessor/FPGA based 
product/systems & embedded software development. 


¢ Analog, video, RF, & digital circuit design facilities. 
¢ Can help with part of or handle the entire project. 


* Full microprocessor development systems, |7ICE, CAD/ 
CAM, & PCB layout system. 


© Development for Multibus, VME, PC, MCA, LAN & STD. 
Applied Computer Techniques, Inc., Orlando, FL 
(407) 851-2525 Incorporated 1978 








GOSIP MAP DECnet 
e Broadband & Fiber Optic LANs 
e Systems Design & Integration 
© Courses & Technology Reports 
SHIP STAR Associates 
Bob Crowder, President 
36 Woodhill Dr., Newark, DE 19711 
Tel:302-738-7782, FAX:302-738-0855 


FIELDBUS NMgt. MMS 






















International Compliance Corporation 


Design, Test, & Consulting 

© FCC Certification/ Verification 

e VDE, CISPR, VCCI (Japan) 

e ‘4992’’ European Compliance Testing 

e Product Safety: UL, CSA, IEC, VDE 

¢ Electrostatic Discharge (ESD) 

¢ MIL-STD 461/462, NARTE-Certified Engineer 


812 Office Park Circle (214) 221-7071 
Lewisville, Texas 75057 TELEX: 403482 (ICC DAL) 
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AUBREY eee Ph.D. Victor Basili, Dept. of Computer Science, Univer- Impact of technology (as embodied by the fields of 
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SEE ELECTRONICS WORLD + WIRELESS WORLD, engineering profession, the history of the societal 
fe SSE DET attra EMD = ; aspects of electrotechnology, and professional, so- 
See ibd GENERAL ANALOG ‘ Software Magazine f cial, and economic responsibility in the practice of 
U.S.A. WORK ESPECIALLY WELCOME Tutorials and surveys on current techniques and new engineering and its related technology. (4) 
"1 SHARPLESHALL St LONDON, NW! 8YN ENGLAND products in software design and development. Leon Zelby, Dept. of EE, University of Oklahoma, 
Focuses on such topics as software tools, measur- Norman, Okla. 73019 405-325-4290 
ing program reliability, designing software tests, PCs 
as programming workstations, localization of bugs, 
and making programs readable. (6) Ultrasonics, Ferroelectrics and Frequency Control, 
Ted Lewis, Computer Science Dept., Oregon State IEEE Trans. 
University, Corvallis, Ore. 97331 Acoustic holography and imaging; acousto-optic in- 
T-TECH HUDSON, MASSACHUSETTS 503-754-2744 teractions; biological and medical applications; 
™ ve eal Ree filters and resonators; industrial applications; non- 
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Bey icy Cite eae FRAME a Ba abe (6) Dept. of Electrical & Computer Engineering, 
© THIN/THICK FILM HYBRIDS OR ASIC'S (ANALOG OR MIXED) i ; wey 4 
Harry E. Mussman, MS48, Switching Dept., GTE aa’ 1406 West Green St., Ur 


Laboratories Inc., 40 Sylvan Rd., Waltham, 217-333-2407 


Mass. 02154 617-466-2410 
Systems, Man, and Cybernetics, |EEE Trans. Vehicular Technology, IEEE Trans. 

Complete Service for Lightning Protection, Large-scale systems, theory and applications; op- Land, airborne, and maritime mobile services; por- 
Grounding and Power Conditioning timization; decision analysis; problem definition; table or hand-carried and citizen's communications 
Fr modeling; simulation; testing; evaluation; founda- services, when used as an adjunct to a vehicular 
We Guarantee NO Strikes tions of cybernetics; pattern recognition; adaptive system; vehicular electrotechnology, equipment, 
Call Lightning Eliminators & Consultant, Inc. and learning systems; and biocybernetics. (6) and systems ordinarily identified with the automo- 
6687 Arapahoe Road Andrew P. Sage, School of Information Technol- tive industry. (4) 
Boulder, Colorado 80303 ogy & Engineering, George Mason University, Sang B. Rhee, AT&T Bell Laboratories, Room 1D- 

ty Se 4400 University Dr., Fairfax, Va. 22030 302C, Whippany Rd., Whippany, N.J. 07981 
eee 703-323-2939 or 2999 201-386-6796 











INSTITUTE OF MICROELECTRONICS 
SINGAPORE 





Silicon Processing 
Technology 






As part of our drive towards the 21st century, we are setting up the Institute of Microelectronics 
as a national R & D laboratory with a staff strength of 150 by 1995. Housed in a new building 
of 6,600 sq m in the vicinity of the Science Park and the National University of Singapore, the Institute 
will be an active R & D partner to the microelectronics industry. 






Reliability & 
Failure Analysis 


: VLSI CAD Circuit 
Singapore } Design & Test 










We are looking for experienced world class technical leaders to assist the Institute Director to manage 
R & D programs in 4 selected areas of focus. 


Silicon Processing Technology / Microelectronic Systems and Applications 


The emphasis of this group is to support and complement 
the local wafer fabrication companies. Specific duties 
include the development of selected processing technology 
modules and the characterization of new and existing 
processing technologies. 


Reliability and Failure Analysis 


This group will provide services in failure mode analysis and 
modelling of failed components from field returns and factory 
tests, in reverse engineering of components, in developing 
component screen procedures and in yield improvement and 
reliability consulting. The appointee will assume a role of 
quality champion. 








Microelectronics 
Systems & 
Applications 





























This group has the responsibility of identifying 
and realizing, prototypes of board-level products which 
have high potential in the market place. The appointee 
has the responsibility of establishing skills in product 

definition, system partitioning and system integration 
and test. 


An attractive and comprehensive remuneration package 
which includes settling-in allowance, subsidised housing, 
educational allowance, passage assistance and medical benefits 
will be offered. 


Qualified applicants should send a two-page resume with a brief cover i 
letter, in confidence, to : 


aS The Chairman or International Advisor 
IME Protem Committee Singapore Science Council 
c/o Faculty of Engineering P.O. Box 373 
Concepts and architectures developed at the Institute will be National University of Singapore Martinsville, N.J. 08836 
captured by this group through VLSI circuit design and test and 10 Kent Ridge Crescent USA 
through the use of CAD, to which the group’s main role will be Singapore 0511 Fax : 201-722-6027 


tool integration. Special emphasis will be placed on the design and 
test of mixed digital and analog ICs. 


Fax : 7773847 
E-Mail : FENGHCC @ NUS 3090 


Please apply before April 1, 1991. Applications will be processed as soon as 
they are received. 
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IEEE plans return 
to balanced budgets 


IEEE President Eric Sumner told THE 
INSTITUTE that “there is no fundamental 
reason why IEEE cannot return promptly 
to balanced budgets.” The 1991 general- 
fund operating budget draws on IEEE 
reserves as was the case the two previous 
years, 

Sumner’s plan includes developing draft 
budgets several years in advance, begin- 
ning with the 1992 budget, and revising the 
revenue estimates for each. A key goal is 
to have IEEE entities reimburse the general 
fund for corporate services performed at 
cost, and to increase income to the fund 
from such entity activities as publication 
sales. He also said that general-fund sup- 
port should come from new income rath- 
er than existing streams, but that difficult 
choices will still have to be made [THE IN- 
STITUTE, January, p. 8]. 





France’s nuclear power success 


Nuclear plants produce three-quarters of 
France’s annual output of 387 terawatt- 
hours (1400 terajoules), and Electricité de 
France has become Europe's No. 1 export- 
er of electric energy, with customers in the 
UK, Italy, and Switzerland. 

France has 53 nuclear facilities and has 
relied heavily upon a standardized 
pressurized-water reactor implementation. 
This contributes to the reactors’ reliabili- 
ty and helps reduce plant construction and 
maintenance costs [THE INSTITUTE, Janu- 


ary, p. 1]. 





Intel’s 32-gigaflops system 


Intel Corp., Santa Clara, Calif., has received 
a US $15 million contract from the Super- 
computing Consortium for a computer 
with a theoretical peak processing rate of 
about 32 billion floating-point operations 
a second. 

The massively parallel machine will in- 
corporate 528 of Intel’s i860 micropro- 
cessors. The machine, called the Delta 
System, is to be applied to military work 
and to so-called scientific ‘grand 
challenges,” including studies of global 
warming, visualization, and chemical reac- 
tions [THE INSTITUTE, January, p. 6]. 





Emissions goals for Japan 


Calling on Japan to produce no more car- 
bon dioxide in the year 2000 than in 1990, 
Japan’s Environment Agency ran up 
against the powerful Ministry of Inter- 
national Trade and Industry (MITI). It con- 
tends that this ambitious goal is unre- 
alistic, and instead urges a per capita 
freeze. This would allow an increase in 
total emissions of about 5 percent over the 
next 10 years. 

But an action program, which runs until 
2010, accepts either goal. The program 
also calls for emissions of methane to re- 
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main at the present level and for levels of 
nitrous oxide to remain steady “to the ex- 
tent possible” [THE INSTITUTE, January, 
p. 1]. 





IBM and GM win awards 


IBM Rochester (Minn.) and the Cadillac 
Motor Car Division of General Motors, 
Detroit, Mich., have won the 1990 Malcolm 
Baldrige National Quality Awards for 
manufacturing. 

IBM’s hard-disk and intermediate- 
computer operation in Rochester had a 
productivity increase of 30 percent be- 
tween 1986 and 1989. Product develop- 
ment time has more than halved since 
1983 and product reliability has tripled. 

Cadillac’s turnaround began in 1985 
when the company started simultaneous 
engineering by multidisciplinary teams to 
define, engineer, market, and continuously 
improve Cadillac products. 

Federal Express Corp. won the first Bal- 
drige award in the service category, and 
Wallace Co. won as a small business [THE 
INSTITUTE, January, p. 3]. 


COMING IN SPECTRUM 





U.S. air traffic control. A technological 
overview focuses on the latest safety 
measures being installed, the challenge to 
improve takeoff and landing delays, and 
the results reported for a new system de- 
veloped by the IBM Corp. 


Selecting a microcontroller. The software 
development tools that a design engineer 
has or plans to acquire will affect the pro- 
cess of microcontroller selection. 


Spectral estimation with DSPs. Thanks to 
the availability of very high-speed digital 
signal processors and a new class of al- 
gorithms using parametric techniques, 
modern spectral estimating is proving 
practical and cost-effective. 


Light rail comeback. Modern light rail tran- 
sit systems use updated vehicle technol- 
ogy, separation of their tracks from other 
traffic, and innovative operating practices. 


A high-speed CMOS technique. A pair of 
researchers at Sweden's Linkoping Univer- 
sity have taken a 3-micrometer CMOS pro- 
cess and attained clock frequencies in ex- 
cess of 200 megahertz by exploiting 
clocking strategy, device sizing, and logic 
style selection. 


Object-oriented databases. A second 
generation of object-oriented database 
management systems can meet the de- 
mands for both group data-sharing and in- 
teractive performance levels matching 
those of existing single-user applications. 


Cutting the high costs of testing. A new 
modeling approach maximizes the 
tradeoffs associated with production test- 
ing of analog and mixed-signal devices. It 
is based on asimple linear coefficient ma- 
trix model that relates the device response 
to a set of underlying variables. 
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In college, you would have killed 
for MathCAD. So why aren’t you 
calculating with it now? 
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100,000 engineers and scien- 
tists already let MathCAD do 
their calculations for them. 


Now that college is far behind 
you, perhaps it’s time you graduated 
from spreadsheets, calculators and 
programming. 

Because in today’s working world 
of engineering and science, there’s 
no time for anything less than 
MathCAD. The software that lets 
you perform engineering and 
scientific calculations in a way 
that’s faster, more natural, and less 
error-prone than any calculator, 
spreadsheet, or program you could 
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MathCAD 2.5 includes 3-D plotting, HPGL sketch 
import, and PostScript output. 
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write yourself. 

Thanks to MathCAD’s live 
document interface} you can enter 
equations anywhere on 
the screen, add text 
to support your work, 
and graph the results. 

It also comes complete 
with over 120 commonly 
used functions built right 
in. Perfect for creating 
complex equations and 
formulas, as well as exponentials, 
differentials, cubic splines, FFTs and 
matrices. 

You get three-dimensional 
plotting, vivid graphing, and the 
ability to import HPGL files from 
most popular CAD programs, 
including AutoCAD? 

Done calculating? MathCAD 
prints al your analyses in 
presentation-quality documents, 
even on PostScript* printers. 

All of which has made MathCAD 
far and away the best-selling math 
software in the world. In fact, it’s 
used by over 100,000 engineers and 
scientists — including 31,000 
electrical engineers just like you. 

There’s MathCAD for the PC. 
MathCAD for the Mac, written to 
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take full advantage of the 
Macintosh*® interface. And a Unix® 
version that utilizes the speed and 
unlimited memory of your Unix 
workstation. 

We also have Applications Packs 
for Advanced Math, Statistics, 
Mechanical, Chemical, and 
Electrical Engineering. Each is a 
collection of adaptable mathematical 
models, designed to let you start 
solving your real world problems 
right away. 
>  Forafree 
" MathCAD demo 
_ disk, or upgrade 
~ information, dial 

1-800-MATHCAD 
(in MA, 617-577- 
1017). Or see 
your software 
dealer. 


Available for IBM® compatibles, Macintosh 
computers, and Unix workstations. 


TM and ® signify manufacturer’s trademark or registered 
trademark, respectively. 


1-800-MATHCAD 


















MathCAD 


MathSoft, Inc., 201 Broadway, Cambridge, MA a} 














U.K.: Adept Scientific 0462-480055; France: ISECEGOS 1-46092768; Germany: Softline 07802-4036; Japan: CRC 03-665-9762; Finland: Zenex Oy 90-692-7677; Italy: Channel 02- a. PEE 
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Introducing DADiSP 2.0 
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DADiSP. The Big Picture in 
Signal Processing 


DADiSP — interactive graphics and data analysis soft- 
ware for scientists and engineers. DADiSP 2.0 delivers 
unprecedented power, through easy-to-use menus. Choose 
from hundreds of analysis functions and graphic views — 
from tables to 3-D. Simultaneously display 
multiple windows, each with different data or 
analyses, for unlimited perspective on your 
toughest data analysis problems. 


Build your own analysis worksheets — 
build and display an entire signal processing 
chain, without programming. And DADiSP’s 
powerful graphic spreadsheet automati- 
cally recalculates and updates the entire 
chain if you change your data or a 
processing step. 

Do serious signal processing...the way 
you always pictured it! FFTs, digital filter 
design, convolutions, waterfall plots, and more 

— all at the press of a key. 

Let your instruments do the talking — use DADiSP- 
488 to bring data from your instruments directly into a 
DADiSP window for immediate viewing and analysis. 










Flexible, expandable, customizable — annotate your 
graphs and send them to printers, plotters, or publishing 
packages. Create your own macros, automate routine 
tasks, and run any program written in any language from 
within DADiSP. DADiSP even lets you build 
your own menus. 
A proven standard — already used by 
thousands of engineers and scientists world- 
wide, in a whole range of applications like 
medical research, chemistry, vibration 
analysis, communications, manufacturing 
quality control, test & measurement, and 
more. DADiSP supports the IBM PC 
and PS/2, SUN, DEC VAX, HP 9000 and 
Concurrent families of personal computers 
and workstations. 


GET THE PICTURE! 800-424-3131 
IN MA: 617-577-1133 

Ask for our Evaluation Disk. For more 
information, write to DSP Development Corporation, 
One Kendall Square, Cambridge, MA 02139, 

or FAX: 617-577-8211. 


DSP | 


Development 
Corporation 


Australia-Interworld Electronics, 03 521-2952; Denmark-DanTrade, (42) 27-4511, Engberg Power Consult, (42) 25-1777; England-Adept Scientific, (0462) 480055; 
Finland-Mespek OY, (90) 3511800; France-SM21, (1) 34810178; Germany-Datalog, (02166) 46082; Digilogger (07720) 38022; 

Informatek System (0631) 46007; Ingenieurburo Kohler, (069) 769829; Kontron Messtechnik, (08165) 7070; India-Dynalog Microsystems, (22) 583908; 
Italy-BPS Computers, (2) 61290221; BRM Italiana, (11) 771-0010; Japan-Astrodesign, 044-751-1011; Netherlands-Computer Engineering Roosendaal, 01650-57417; 
New Zealand-GTS Engineering, (04) 392 464; Scotland-Diagnostic Instruments, (0501) 43031; Sweden-Systec, (013) 110140; 
Switzerland-Urech & Harr AG, (061) 611325; Taiwan-Advantech, (02) 351-2117 
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